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Title; l»rotease ¥ariajits and Cosposxtioi^s 

S -Thlij mventiorj relates to nov^l lautant ensysiss or ^nxyms 
variant? useful m fojrraul at ing detergent coispositlons a,nd e>:~ 
hibitmc improved storage stability while retaining or 
improving their w^ijsh performance! cleaning and detergent 
caiapositions containing said enayjsse^; jsutated genes coding for 

0 the expression oi said enxysaes when inserted into a suitable 
host cell or orgarasuj; and such host csll^ transfontied 
therewith and capable of expressing said enzyme variants. 


In the detergent industry ens^ises have fbr laare than 30 shears 
been ijaplemented in washing f orssulatlons . Enzymes «s8d in such 
fonriuiations cdeprise proteaseS:. lipases.: amyias^s, ceil«lases. 
20 as well as other entyis^s, or totures thereof . Coasmej-cially 
xaost iitipprtant are proteases . 

A^-hou'jh prt^teas-es have been ijsed in the detergent ir^dustry ior 
more tnan 30 years, much, remain?? unknown as to details of hox^ 

2S these en:r,yKies mueract with si^strates and/other sntostaisces 
present in e.g. detergent coasposltions. Some factors related to 
sperifxc re^-idues anc: mflnencing certain properties, such as 
oxidative and thensaJ stability in general have been 
elucidat-ed, but isuch remaans to be ionnd out* Also, it is still 

SO not exactly knoHTi which physical or chejrlcal characteristics 
are responsible for a good washing perfcn£,:;r,ce or stability of 
a protease in a specific detergent composition. 
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The carrentiy «s8d proteases hav« for th© mQ^t part fe«en foimd 
by isolating proteases from uatiir® testing tivem in si^ter- 
gmt fdrmulstipns. 

5 

Ar. increasing n\mh&i of cojcmercially u^ed protease are protein 
enainesred variants of the corr«spoxidlag naturally occurring 
wild type protease, e,g, (Kovo l^ordi^sk A/SS. BELMlf 

{Novo NordLsk A/s), ^mXAPS:^f ^Gist-Brocades PUFAFSCT® 
10 (Gex^encor InterBatlona.l, Inc.). 

Therefore, an objects of the present invention, is to pro^ride 
iSRproved protein erioineered protease variants, especially for 
use in the detergent industry. 

IS 

Enzymes eleavxBg tfee aiside linkag^is in protein silfe^trat«s are 
classified as ps^oteases, or (interchangeably) peptidases (see 
taish, 1979, Bnzymma Emctim Atec^aisi^s. WM, Freejsan and 

20 qpmpany, San trancisco. Chapter 3). Bacteria of tfe Saciiiu^ 
m>^&im secrete t^o eKtraceilijiar Bpmim of protease, a 
neutral, or Jtset^iiisprot^^^e, and an alfeaiine protease which is 
Stsnotioriaily a serine ehdopeptidase and usually referred to as 
^ubtiUsin. Secretipn of thase proteases has Been linked to the 

SS bacterial grbv^th cycle. With Neatest a^spressipn of protease 
during the stationary phase, when sporulatipn also occurs, 
Oolifie at ai, iX^m ^, Bacmrlol 141 1X$S-X208, have 
suggested tlxat Bacillus proteases fenction in cell wall 
turnover. 

A ferine protease ife an mzm catalyses the hydrolysis 

of peptide bonds, and in wMch ttee is an essential serine 
tesidise at the actiw site IS?hite, Handler and Smith. 1973 
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^^'xinciplm of Bmchmistry,j^ Fifth Edition, Mcl3rsw-Hill Book 
Cpsspany, Wf^ pp, 271-272), 

fhe bacterial serine proteases have ssolscular weights in the 
S 30,000 to 4S;? 000 Dsltons range. They ar^ inhibited by diisopro- 
pylfiuorophosphste. they hydroiyse simple ter&irjal esters and 
are similar in activity to «ukaryotic chyraotrypsin, also a 
ssriJie protease, A more narrow tesna, alkaline protease, 
covering a sub-group^ reflects the fei^h pH optimussi of some of 
IS the serine proteases, from pH 9,0 to ii,0 (lor review, see 
Priest U3773 B&aterialogic&l mv. 41 711-7S3) . 

A sub-group of the serine proteases tentatively designated 
s\3btilases has been proposed by Siesen et ai,. Protein Bngng. 4 

15 {19911 719-737, Tiiey are defined by homology analysis of isors 
than: 40 mino acid sequences of serine proteases previously 
referred to m sttfotiiisiri-lilce proteases, K siabtilisin was 
previously defined as a serine protease produced by Graia- 
positive bacteria or fungi, arsd sccordinf to Siezen e£ ai. now 

^0 is a sutogroup of the sij^tilasesi A wide variety of s^jbtilisins 
have been identified, and the amino acid sequence of a nujnber 
of subtil isins have been determined. These include laore than 
six subtilising from Bacillvs strains, nasiely, subtilisin 168, 
subtilisin Bm\ subtilisin Carlsberg, subtilisin Y, 

2$ subtilisin aiaylosacchariticus^ and mesentericopeptidase 
(Kurihara ©t al, (1972) J. i^ioi, Oietn, 241 S629-S63X; «fells et 
al, (1983) Nucleic Acids Bbs. 11 7911-7925; Stahl and Ferrari 
aBB4) J. Bacterioi. 15$ Sll-8iS, Jacobs et al, (1985) Nucl, 
Acids Mes, X3 $913-8926; Hedkov et al. (1985) Biol, Chani, 

W Moppe-Seyi&r m€ 421-430, B\rendsen et ai, (1986) FEB5 Lett, 196 
238-232), one siJbtilisin froia sn act inoitiycet ales, ther:^r,tase 
froiTt Th&xmoMCtinomyces vulgaris ;M^-;loun et ai, {1985: irs;R5 
Xett. 1§8 1B5~200), and one £urs?aX s«btili,san,, proteinase i; 
froifi T£itlr0chim &lbm (Jany and Mayer &iol.Chm. 
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Moppe-Ssyler 366 &B4~4B2) . for farther reference Table I frosr 
Siesen et has been reproduced below. 

Subtil isins are weXi-characteriged physically and cirismicalXy, 
6 In addition to knowledge of the prisaary structure ^aniino acid 
seqiience' of these ensysie^, oirer 50 high resolution 55~ray 
stzuctur&s ox sui>tiiisins have ta«en determined which delineate 
the binding of substrate, trsnsition state, products, at least 
three different protease inhibitors, and defins the structural 
10 consequences for natural variation {Kraut U977| Ann, Hev. 
Biocbm. 46 331-3585 . 

In the context of this application substrate should be 
interpreted in its broadest form aa comprising a compound 
15 containing at least one peptide bond susceptible to hydrolysis 
by a syfetiXlsin protease. 

Also the expression "product** should in the content of this 
invention be Interpreted to include the products of a 
20 hydrolysis reaction involving a subtilisin protease, A product 
laay be the substrate in a subsequent hydrolyais reaction. 

One subgroup of the subtilases, l-Bl, cossprises the "classical" 
subtilising, such as stibtilisin 168, aubtilisin BPH*, 
25 subt-ilisin Carlsberg CM^caxaSE*, NOVO JJDHDISK A/S) , and 

subtilisin BY, 

A further sisbgroup of the sutotilases I-S2f is recognised by 
Sieaen et ai * (supra ) * Sub-group I-~S2 proteases are described 
3D as highly alkaline subtilisins and comprise enzyaies such as 
subtilisin ?B92 {MMACAL* Gist-Brocades .W}, subtilisin 309 
{SAVIHASE*, mVO NOEDISK A/S), subtil isln Ul {ESPERASS*, NOVO 
KIORDXSK A/S) , and alkaline alastase YaS. 


In tne context, of this im.''en 


Sana y^h^ch produce:. . <^ spend mr naieu zyssx^, z:i^ patent 

gene nav beer a.tateci order lo oroduce tne ^tant qene 
frosT w.i^.h -=5 1 n.tatod si^ibtiXisitt protease pxoducoa .vber- 
■expressed in a suitabl^^ host- 


3u'otaias6 gone lavi. 


bot- Mj.-e-ir I he ana cherica^ 

' - ..^^ ^ ti ac^nvty. substrate a^s^^ci'^ici^.v . 

terti^x> &tructurfe, etc. {\ {I^g-*) Prac. ¥ati. Acad, 

1SSc;j, y.S.A, 84, 1219-1-23; mils et ai, ;i$86) Hsii. Tian.^. i^. 
Soc, Lotid.A, 317 415-423; Hwang and S^arshel BiocSe^, 26 

2669-2673; Rao et al., (1987? Ma ti^re 328 551-554. 

Mcro recent ptsblication. covering this area a s Carter et al. 
70 (1^89) ProtBxns S 240-24^ relating to desxgtx ot variants tn^t 
cleave a specific target seque c« in a substrate {positions 
and 64); G aycar et a., (1992) mnais of the i^e^' Yart. ^caofir^ 
of S^iBnces §72 7X-''?9 discussing a nasOber of prevmusl^? 
published results; aud takagi {1«*S3) Jnt. Biochg»m, 25 -.07- 
312 also remwiag previous results. 

Especially sxte-ditectea mutaqe esis of the s^viiis.a of^nti 
bas att acted much attention, and various jrutatior.s are 
desciioed in the following patent applications and Mtfe.-t'=< 

3D 

HP publ. no. 130756 {GEMSMTECH} (correspondirq U sie 
Patent Ko. 34,606 {GS:t3EJ?C0R} } reflating to site specific or 
raiidoialy generated nutations n "carbonyl hydrolases" ana 
s-ubsequent iscree^i. g of the isvtated enzymes for various 
35 propeiti sum as k ^ /K, latic, pH~sctiv tv prcfxie, and 
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o>;ldation st&biiity. This pisbiication re%^eais th&t site- 
specific inutation .is feasible, and that isatst.ioR ot siibtillsin 
BPK'' an certain specified positions. I.e. "^Tyr, '^A&p, 
'^^-Tyr. '^■■■^>fet.. ''%ly. **His, ^^^Gly, ^^^*Pbe, ^'=Ser, ^'^^^Ser, ^"^"'Tyr, 
S '-'*Glu or ^^'Ala, provide for enzj.'jjies exhibiting altered 
properties. Since these positions all esjcept position -l were 
knov/n to be involved ixi the functioning of the enzyme prior to 
the filing of the application^ and therefore evident to select, 
this application does not contribute much to solving the 
10 problen of deciding where to introduce lautations in order to 
obtain mzym^s with desired prop^rtisis , 

£? pub-, nw. 21445!:- (HH'-NKSL) relating to cloning and expression 
of subtiiisin Carisberg and two itiutancs thereof. In this 
15 applicaticri no reason for mtetion of ^*^Asp to ^^*'Ser and '^^'Ser 
to "'"'Asp is provided. 

In international patent publication No. WO S"?/04^61 (AMGEN) It 
xs proposed to reducs the nujsber of ,Asn~Gly sequences present 
SO in the parent en^i'me in order to obtain autsted enz^'J^es 
ej^hifoiting unproved pH axvd heat stafoilxtiss. In the application 
ejnphasis is put on reii^.ovinu^, ^sratating, or modifying the '^^V^n 
and the -^'*/^n residues la aubtiiisin BPN' , exatnpies are 

provioed for any deleudons or for laodifyinc ths Giy-residues. 

25 

International patent publicfitioj:. No, KO 67/QS05G iGEHEX) 
discloses random rrsUtataon and subsequent screenj.ng of a i-ar-ge 
nujnber of luutants of subtiiisin B?K' for i.rnproved properties. 
In the applrcation mutations are described m positions ^'^Asn, 
30 "'^'Giy. -'■-'Thi-,. '^'Giy, ^^^Ala, "'■"Ser,. -■■I,>ei5, and '^^Ser, 

In EP Puhdication no, 253 446 (GEN£NCOP> it is described how 
hopaoiogv considerations at both prirjisry and tertisry structural 
levels jr»ay be applied to identify equlvaler.t anuno aoi.d 
S§ residues whether conserved or not. This inforsnation together 
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wit.J^. thiL- i)"vent.ors knowledge of the tertiary structure of 
sur-r.ilisir. BFN' lesd th^ Ir.ventors to select a jjusafoer of 
positions susceptible to mutation with an expectation of 
obtaining mutants v,'.lth altered properties. The positions so 
S identified are; "'Met, ''"'^Met, '^tyr, '""Ala, '-'X^la, -^-'Xny, ***GXy, 
^"*Phe, '-''Tyr, Also ^^l-vsn, "Tyr, ^'^tht:,- '''ser, ''hsp, ''S&r, -^t^sp, 
*'"-Gly, **ftls, ■*V^er, -"V^et, "'Asn, ^^er., '-^Lys, "^Leu^ ^'^''lle, 

'''%ly, '"^Lys,- ^•■Tyr, ^^'^Pro, '^^Asp, '*-Het, ^^"^Ssr, ^"^^Lys, and 
^-"Ser, which positions are identified as being expected to 

to inliuer.c« various properties ct the engjmse, Mso* a nussfaer of 
mutations are exeraplitieo tc support these suggestions. In 
addition to single mutations ar. these positions the inventors- 
also porrontsed a niUTibcr of rs;iir.iple isutations. Further the 
inventors ident.i.fy =--Gly, '^*l<eu, ^-'"Leu, and asiino acid 

IS residues within the segments 07-103, 126-12$, 213-215, and 
112 as having interest, but siutations in any of these posltiorts 
are not ejseisplified. 

Especially of interest for the purpose of the present invention 
20 the inventors of EP 251 446 suggest to substitute ''^Lys fin 
subtil ism BP^r, tiijjpe I-Sl), specifically they suggest to 
introduce Glu cr Axg tor the original lys. It appears that the 
Giu varianr. was produced and it was found that it was highly 
susceptible to autoXytic degradation ici, pages 48, 121, 123 
2S (Table XXI includes an obvious erroi, but indicates a reduction 
in autolysis half-titse from 86 to 13 -amutes) and Fig. 32) . 

EF publ , no- 260105 { GEMENCOR ; describes ^)^odif ication of 
certain properties in enzyraes containing; a catelyr.Ic triao by 
3Cs selecting an as-ino- acid ri-:s:-doe within about. 15 A fror:. che 
catalyuic triad and repiac« the selected ;iJuino acid residue, 
with another residue, Enaymes of. the subtilase type described 
in the present specification are specifically raentioned as 
belonging to the class of ensyaies containing a catalytic triad. 
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In siJbtilisins positions 232 asid £17 ate iadicat«d as |srsf®tre<^ 
positions fox~ replacea.ent. 

Aiso, it has been showii by Thomas, Russell, and Fersht {1985; 
5 Nazuie 316 :^•7S.~37C that exchange of ®l%sp into ^'Ser ir. 
subtilisxn BPK' changes the pH dependency of the ^nzynn. 

In a siJtesequent article ilBBl) J, MoJ. Biol. 193 803-813, the 
Sam- authors also discuss the siifostitution of '^*Ser iu place of 

Both these mutations are witMn a di^taude of about ISli frots 
adtivfe **His^ 

IS In .Mature 328 496-500 iim~i) Russel and Fersht discuss th« 
results of cheir ©xparijaents and present rules for changing pH~ 
activity profiles by mutating an enzyme to obtain changes in 
surface charge, 

20 WO SS/0S028 {Qenex) and m 88/08033 mgm both relate to 
Kiodifications of asiincs acid residues in the caiciisja binding 
sxtss of sufotilisia BPN' . The enzyme is said to be stabilized 
by substituting more negatively charged residues for the 

original ones. 

In WO 89/06279 (NOVO mm)lSK A/B) position 170 is indicated as 
interestiTig and it is suggested to replace th--- existing residue 
wH-h Tyr. Kowevsr, no data are given in respect of such a 
variant- in m 9;i/D0345 (NOVO HORDISK A/S; th--- same suggestior. 

30 .Is made, and ii'. I,? shown thst the Tyr va^riant ct position 170 
ixx siibtilisin 30& (type :~S2i exhibits ar. uaproved Wdsh 
perfor^nancft in detergent? at s pH of about B ivarianu S003 in 
Tables Ul, IV, V, VI, \nu> Xs , The sa«>^ eubstitution in 
cos>bination with other substitutions in other positions also 

SS indicates an improved wash perfoxittance (S004, S011~S014, S022~ 
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srr4, ?<020, $203, S22S, S22? in the sas^e Xafol© and Table 

VII all in accordance with the generic concept of said 
application. 

S :u r:F 61C A1 (SOLmY) it is suggested to ijaprove the 

st&bxlity of the ensyjae type subtilase closely related 

to SUM 11 ism PB«2) towards ionic tensides by decreasing th^^ 
hydrophobicity certain surface regions thereof. It i.^ 

coT:S-:^Q-uo5^t:y suggL-stec substitute <3Xn for the Arg in 

10 posi::ion 164 (170 if using Bm* nussberirsg^ . No variants 
coisprising this substitution are disclosed in the application. 

In y^O S'-/02t':- ■3R3CAD£$ n.W) a niasber of position 16^ 

(It:- if ns::xvj BPX' nu^iberingj variants of the I-S? type 

1$ subtil i sin -PBS:^ ar?^ described > Exai^ples are provided showing 
substitution of Ms't, Val, Tyr, M^, fci the original Arg. fesh 
performance testing in r:v;aLi ae:f,raer.ts of the variants 
indicates a sUght improvements Especially for the Xie variant 
wash pcrionr^ance tests on cacao an ijsprovejfent of about ?0~30't 

20 xs xtidxcate^.. K:> stability data srf? provided. 

In KO KO &$/30010, and KG 9S/S<Jr",^ *PHOCTE? OA^OIE 

CO'^FANY; d^scrine 6 regions, i&specially posaticn 199-22.- aSFK" 
nuTS5.bering; , in Doth SijbtiUssn !W and sur>tins:n 30^^, wn:or. 
SS are designed to change (i.e. dex-rea?je> the- a.:i6:c;;-tiDn of the 
en^r-yme to sxirface-bouiid so^ls, Zt sK<T>iost<ca lh'i'\ a.^^cr-^^se-J. 
adsorption by sn en7yr?> tr a sul ■strati' ;i=<ru'tc i:^ bettrt 
cetergent cleaning performsnce. no specific detergent wasr^ 
performance data are proxrided for the s^uggested variants, 

SO 

protease KUtb followma rijfationo; K^^SK-i-Nl* eR+X117F. sH?:: 
n^jiclserinq , r-ars indicate the correbpor.amcf variant is havina 
ijsproved stability, coDipared to vfixdtype. 

3S 
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Proteases such as subtil isins have found jEjuch utility in 
§ industry, particularly in detergent tormulstions, as they are 
useful for removing proteinaceoiis stains. 

At present at least the following proteases are known to be 
CQjsRiercialiy available and many of thein are marketed in large 
10 quantities in many countries of the world. 

Sybtili^in BfW or Koto, smxlabie tt:m e,g, siGMa, St. louis, 

ie St3fetilisin Carisfeerf . laarketed m mm mmm A/$ mmmmm as 
p.cmSE^ and by Sist^-Brocades 13,^', (Holland) as Mm?ME®; 

Both of these; toelon^ to: subtilase snbgroi^p MX 

m imom the stibtiiase sub-group the following are Mom^ to 

be marketed, 

A Basdllm lentus ^?jbtilisin> subtiiisin m% marJceted by mvo 
HORDISK a/s; (D^ntaark) as A protein engineered 

2S variant of this enzyme is marketed as DURMBf . 

Enxymss closely reseijfcling S^iHAS?f> S«qh as :^ubtilisin fB92, 
Hmou^* marketed by Si^t-Brooades J?,y. {a pristexfe engineered 
variant of this enzyme is marketed as MmPEM*), OPTICLEAl?* 
30 marketed by SOLVAY et Cle. and ^mMBCf" marketed by SMENGOB 
International , 

A ^asdiiifs i«ntus subtilisiB, subtilisin Ml, marleted by EQYO 
mmiSK &/S {DeimarkI as ESFSMSS^? 


11 

To toe effective, however, such enxystes jsust not only exhifoit. 
activity xsnder washing conditions^ but must also be cosisatlble 
with other detergent componesits during detergent production and 
storage. 

S 

For exas^le^ subtil isins may be used in comslnation with othei 
en2;ymes actiw against other s^ibstrates, and the selected 
sxabtilisin should possess stabiiity towards such ens^'SJes, and 
also the selected sishtilisin preferably should not catalyse 

10 degradation of the other enzymns, Mso, the chosen sufotilisin 
should be resistant to the action from other cos^onents irj the 
detergent fonauiatlon, such as bleaching agents, oxidising 
agents, etc, in particular an ensyme to be used in a detergent 
formulation should be stable with respect to the oxidising 

IS power, calcium binding properties, and pH conditions rendered 
by the non-ensymatic components in the detergent during storag-s 
and in the wash liquor during wash. 

me ability of an en^vme to catalyise the degradation of various 
20 naturally occurring substrates present on the objects to be 
cleaned during e.g. wash xs often referred to as its washing 
ability^ washability, detergency^ or wash performance, 
throughout tMs application the tej^ wash performance will be 
used to encostjpass this property* 

The ability of an enayme to remain active in the presence 
other components of a detergent composition prior to being put 
to use Inorssally by adding water in the washing process} is 
usually referred to as storage stability or shelf life. It is 
30 often measured as half-life, t^. We will use the eKpression 
storage stability for this property throughout this application 
to encompass this property. 

^laturalXy occurring subtilisins have been found to possess 
SS properties which are highly variable in relation to their 
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washing power or ability under variatior.s in paraj^eters such 
pK, Several of the above saarketed detergent proteases, indeed, 
have a better performance th&n those marketed about 20 yea,rs 
ago, but tor optimsl perfonnance each enzyme has its own 
S specific conditions regarding formulation and wash conditions, 
e.g, pH, temperature, ionic strength i^l) , acti^'-e systes> 
(tensides, surfactants, bleaching agents etc), builders, etc. 

As a conseqiience it is found that an ensjyjne possessing 
10 desirable properties at low pH and low I may be less attractive 
at more alkaline conditions and high I, or an enxyme exhibiting 
fine properties at high pH and high X xaay be less attractive at 
low pH, iow I conditions- 

IS Mso, it has feeen found that the storage stability differs 
between the en^&ymee, tout it has further been foi^nd that a 
specific enzyme exhibits large variations in storage stability 
in respect of different detergent fonaulations, dependent upon 
a nujnber of pararaeters, such as pK, pi, bleach system, 

as tensides, etc., and upon the physical state of the detergent. 
CQjapositions* which may be in powder, clust, or li(pid form. 
Furthermore it may be concentrated or dilute. 

The advent and; development of recosabinant pm techniques has 
25 had a profound influence in the field of protein ctiemistry. 

through the application of this technology it is possible now 
to construct enzymes having desired amino acid sequences, and 
as indicated above a fair amount of research has been devoted 
3D to desigrang sxsfotilisins with altered properties. 

^ong the proposals the technique of producing and screening a 
large niaaber of mutated enzymes as described in £P publ. no. 
130756 CGEmtECH) CDS Reissue Patent No. 34,606 (GEHEh-COR) ) 
$$ and International patent publ. no. m S7/05050 {GEKEX) 
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CQVv&m^ to a 143?ge mtma to the eiassical siettod of issis^ 
ttog n&tim &nzm^^. sufeMt tto to classical rauta^snesls 
ptogrms iuBim radiation or chemxc&l mutageiss) aad ;scxeen thefe 
foK thsix ptmmrtim> th© differance lies in tfeat tMess mthods 
S are aiora efficiant through the knowledge of the presence of a 
large ntasiber of variant mzY^m substitute?^ in a specific 
position. 

h stibtiiisin mzym^ tH>icaiiy comprises about 2iB mxim scid 
10 rosi#i&s. mt^ residue is capatols of being % out of m possible 
naturally occtijrring aiaiho; acids x 

thetetoro ^ v^^t serious #raw-foack in: that procedure is ths 
very large nussbar of snutatlons g^nerat^d tkm have to be 
IS suimitted to a npsbsr of preliminary sm^m^qs to aietermine 
th^ir properties. 

A procedure a^ omtiined in these patent applications s^iil 
conseguentXy only be slightly feetter than the traditional 
20 random lautstion procedures which ha^e foe^n known for years. 

The other khbwD techiiiciu^s relate to changing specific 
properties, isueh as. oxidatidn stability, thensai stability, Ca~ 
stability, tfansesterification and hydrolysis rate m publ. 
as no. ZmiQS mEmMCOmU pH»sctivity profile CThomas, tosell, 
and Fersht, supra), and sistostrate specificity (International 
patent pvjbl. no, mMmm mmmtmf). mm of thes^ 
publications relates to chan^ihg; aithey the wash performance o£ 
enxymea or their storage stability. 

38 

In Iritarnational Patent Application no. ?CT/DK 8S/00002 {NOVO 
^SORDXSK A/S) it is proposed to use the concept of homology 
cosaparison to determine which amino acid positions should be 
selected for mutation and which amino acids should foe 
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M 

si3tostituted in thes^ positions in or<i©r ta obtain a desired 

Bt mim mch & ptom^^ m tasH of misxmmm is reamse^ 
S drasticaliy. sir^ce tbe nxmbm of mutants §ensrsted is much 
smaller, feat ^ith that procedure it is foreseen that 

mxzm^^ exhxMtitvg the cojsfeined iisem properties of the parent 
and tl>e ensp^e used in. the cossparison ssay be obtained. 

ISfhtis, as indicated afcov® m reietionshlp has ^et been 
identified between well deiin^d propettiee of an evizftm mxch &s 
th»^e mehtimed ^boire and tfce wash peJ:fo«marice md storage 
stability of an er^zysi^ in v^ribus deter^est ccsfeposltions, 

IS The probiem seejns to be tbat altfe&'u^h much x&searcb has been 
diteiited at revfealing tbe i?iechanism of ensyme activity, still 
only little is Jcnown about the factots in strisctture and amino 
as^id residue coisfeiKation that det^srrsiTje the properties, siioh as 
storage stability in detergents, of enaymes in relatim to saast 

M of their characteristics, e^pecieXiy ^ahm the mizYms are 
present in complex mixttis^es. 

Consequently there still exists a need for further improveKsenu 
and tailoring of ensymes to detergent systems, as vrell as a 

2S better mderatanding of the mechanism of protease action and 
degradation in the practical use of cleaning or detergent 
compositions. Such an understanding could result in rules which 
may be applied for selecting lautations that with a reasonable 
degree of certainty will result in an enzyme exhibiting 

30 iiaproved storage stability under specified conditions in a 
i^etergent co^aposition* 


5 It has now surprisingly tosen found that a subtil ase. variant 
having iiaprov«d storage stability and/or ijssproved performance 
in d^tsrgsnts;^ can be obtained by ststostituting one or more 
ajaino acid: residues situated in, or in the vicinity of a 
hydrophobic domain of the parent siibtilase tor an amino acid 

10 residue more hydrophobic than the original residue, said 
hydrophobic domain cossprising the residaes corresponding to 
residues I16S, n67, Yi7i of BLS309 Cin SASBFN 

n533stoering) , and said residues in the vicinity thereof comprises 
residues corresponding to the residues EX36, GlSa, mm, mio, 

WMn, and G19S of BLS30$ (in BSSBPN ntsiftbetihgh with the 
exception; of the EI?OM, :R1?0I and -variants of Bm^92. 

The present invention relates consequently in its first aspect 
to enzyme variants exhibiting improved stability and/or 
20 improved wash performance in detergent. 

In its second aspect the invention relates to » constructs 
capable of expressing the enzymes of the first aspect, when 
inserted in a suitable issanner into a host feel! that 
25 subsequently is brought to es«press the sisfotiUsin enzyme is) of 
the first aspect. 

In s third aspect the inx'-ention relates to the production of 
the subtiXisin enzymes of the invention by inserting a DNA 
30 construct according to the second aspect into a suitable host, 
cultivating the host to express the desired subtllase ensysie, 
and recovering the enzyme product . 
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Tbe ijjvesifcion rslstes^ in part, but: is not iimttid ta, mutants 
of the genes eKpr^ssing th« subtilsse sub~fro«p fens>%«s 
and tm mminq ^ym mriants^ as MSicated al»ov«, 
Ofchec subtiiase gene variants eneosfipasss^ fe^r tM^^ invention a^re 
S stsch as those of the sufctila&e st^groisp i~si, Sxibtilisij^ 
BPH'v s»d »fcilxsis5 Carlsberg gen^s and variant 
Sufctilisin BPN', Proteijias^ mtlUMn Garisfo^rg 

en£vst«s. wfeich sxhiMt improved stsisiiity in concentrated 
liquid detergents. 

18 

Stiii further subtilase gene variants encompassed by the 
invention are such ss Proteinase K and other genes and ensuing 
variant Proteinase K, aiid other subtilase enzymes , which 
exhibit improved stability in concentrated liquid detergents. 

IS 

Other es?ai!iples of parent subtila&e enzymes that can Jbe laodified 
in accordance with the invention are listed in Tafele I. 

Further the Invention reiates to the ^se of th« Tstatant ensytaes 
20 in cleaning compositions and cleaning coupositions cosnprising 
the mutant &n.zym&B, espacially detergent compositions 
coraprising the mutant subtilisin enzysiesv Specifically the 
invention relates to concentrated liquid detergent cdsapbsition? 
co^risixig such enzyme variasita* 
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mmo Mim 




Me 


Manise 





Valine 





Leucine 

I 


lie 



F 


Fro 


PrpXine 

F 




PhenylalaHiii® 

10 W 


•rrp 


Tryptophan 

M 

« 

Met 


Methionine 

G 


GXy 


Glycine 


as.- 

S^r 




» 

Tfer 


Threoniiie 

1§ c 


Cys 


Cysteine 

Y 

« 



Tyrosine 



to 


Asparsgijse 

0 


Gin 


GitstajKine 



Asp 


S^partic 2lcidi 

ME 


Glu 


Glutamic iicid 

K 

>■: 

Ly3 

:ias.: 

Lysine 

R 


Arg 


AJrginine 

B 


Bis 


Histidine 




>.■ 

toy asdnc aei* 


BSSES 






3 


<3 





C 


Cytosine 





3 {only in M) 



uracil 

(only in ^) 


In descriMa^ tii^ yarimis en^ysi^ varisBts prosfetced or ccm- 
t«3api^fc«d according to tfee toentlon, the following nomm- 
3S clatusres haw been sdaptesJ for «ase of ref esrencer 


Origirial amxiio scitlisj pdsltidais) siitostittitfed amino acM(sj 

according to the siabstitvatto of Glutssitc acid for glycisis 

S ixi position im U designated as: 

Gly 195 Gli3 or G195E 
a aeietlon qf glycine in the same posit issr. is i 
Qiy las * or Gl$5* 

and itisertioTi of an additionsl mino acid residue s\jeh as 
to ly&me isj 

Giy igs SlyLys or Gi^5GK 

a dej^etiori in comparison with the sequence used for the 
nuistJering ia itidicatsd, m insertion in siicih a position is 
1$ iKdicmted m i 

* 36 or *36D 

tot insertion of an aspartic acid in position 36 

Hultipie mataLtidns ar« separated by pluses, 1 .e, i 
m M-g 170 Tyr my 195 Gin or mim^U^SE 

x&pmBmtttiq mutations ixi positions i?0 and 195 siabstituting 
tyrosine and glutamic apid for arginia^ md glyciue, respec- 
tively. 
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m m&ctihinq the variati&s x» tMs application and in th® 
appended claims me U ssade; of t;fe« aiigmssafe of vaxamjs 
sisfotiXase^ in Sl«zen «t ai,, Sjiprax In otfeer publicstions 
5 reistxisg to s-afctilss^s otli«r allgxssients or the niss^&riJig of 
specif ic snzyst^es have been Used. It is a routia^ jsatter for tfe« 
^ktileci. person to ©stafelisii the |>ositlon of ^ specif it residue 
in th& nm^mxm Wd liere. Refersnca is aiso mde to Slg, 1 
showing m alig»nt of residues r^lmmt for the present 
10 ijwfenticm f OT a large nuitsfeer of subtiXassss, Eeferfenc« is also 
jsade to We I of ^0 91/00345 showing an aliOTant of residues 
relevant for th& presetJt Mr^mi^ from a nass&er of s\ibtilases> 


Pr©s«ntiy sstablishad Stsbtilases {£Tm Bimmx «t al, > m^sss) 
03fganism cCm^ enzyme scrahysfa 

gene 

|>EOK?mYOT£S 



svbtilis 168 

epr jf^ 

subtiXisitj 

1168, apr 


B&aiUtiS 

a.'nyi ol i qu&ia ci en^ 

J apr 

s\ifot 11 is InBPH « i MOVO \ 

EASBPK 

B&ciUus 

subtUis Df 



DY 

BSSDY 

n Bacillus 

licheniformis 


subti.;lc;in 

Cari;sberg 

BLSCAP- 

Bac.i 1.1 -je 

lentvs 



14? 

DL5i47 


alcalophllus l?B92 •+ 

Kuhv..: 1 : 5.i n 



BacilJvs 

sp, I>SM 4828 





Bacillus 

Ys3 


alk«j..in.-r -r 

..astai-e 'YaE SYSYM- 



>£pr 


wei K prot 

- FSE?F 

Baci.iii!,5 

subtSlis 

bpf 




SaciJlvs 

svbtiJ^^ IFO3013 

ispl 

ini.r5cell . 

Sftr , prot , 

I B3X3F2 


s-ubtilis A50 


intracell. 

ser. prot. 


Bacillus 

thuringiensis 


extraeeii. 

ser , prot 

. ETFINI 
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Bacillus cexBus 


extracell , ser . prct . 

BCESPR 

Nacardlopsis dassonvdilel 


alkaline ser, prot. 

mh^Il 

ThermoactlnQmycm vuJg&rSi 


thersiitase 

TVTHER 

Entexococcus faecalis 

cylA 

cytaiysin coBxpw'nexn. A 


§ Staphylocoacvs epidermidis epiP 

epidermin lasd, prof. . 

SEE? IP 



C5a peptidase 


Lactoccccus lact^s SKll 

prtr- 

SKll cell vail prot . 

LLSKll 

Bacteria : Gr as^-negatiye 




Di ch el oba c L ex nodos u s 


basic protease 

DNE&PR 

10 Xsnzhoir.onas campe?--T..fis 


e X t r a c e I i v. .1 s r p x- o t , 

xcnxpF 

Serra z i a marce^ cr-erii- 


ext. ra ce LU s s r « prot. . 

SMEXSr 



aquaiysin I 


Thermvs rT4lA 


T41K protesse 

TRT41A 


pros. 

protease A 

VAFPOA 



protei.nage I) 

SRESPD 

Archaea 




haiophilic straisi 172Pi 


haiophil «xtra. prot. 

ARB 172 

Cyenobacteria 




Anaba^na variabilis 


Ca-depend^nt protease ?^vfrca 

m LOMER EOKJU^YOTES 








Trizimchium a.lhi^m Limber 

-j. 

proteinase K 

TAPHOK 

Tritixachivm album 

•f 

protelBase R 


TTitiTsckium albvm 



m?Bo? 

M Asp&rgillus or^zm 

■i- 

aXkaiiue protease 

AOAX.PF 




M?TH!:<Y 

Acx'<m^>nium chxys&^enm 

alp 

alkaline protease 

ACALPP. 





Klvyveromyc^s lactis 


K«xl ^er. proteinase 

KLKEX3 

30 Saccharomyces cerevisiae 


Kex2 ser- proteinase 

SCKEX2 

Saccharomyces cerevisiae 


protease B 

SCPRBl 

YarxQwia lipolytics 

xpr2 

alk, extracell. prot. 
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gene 


Ca©«orijai>ditis elegans 

BrosophMa ffrtjit fly} 
Brosophila (fruit fly) 

Cucumis melo {melon} 


Human {also rat, mouse) 
Human (also mouse} 
15 House; 


bli,4 cuticle protease CEBLI4 

furl furift. I mrmu 

fur2 furin 2 DMFim2 

cucuisislB CHCUCJ 

fur turin HSFJRI 

+ insullnoisa PC2 prot. HSIPC2 

+ pituitary PCS prot. ?en^PC3 

* tripeptitJya peptid. XI HSTPi' 


Sfef«sr«sices us«d for I 

ao 

Eef^rences to amino acid sequences {fienBank*/EMBL Data Bank 
accession ntmbers are shovm in brackets) : 

MBiia Kasiskura and S«no, a9S0) Biochm, Cell Biou . BB 

(amino acid se<|uenci«g of K^ture protease 
iSiS resisJties 1-35; residue 14 not detenained) , 

SS:Si:6a St&hl. and Ferrari, ii^saiS; J. BactexicJ. Tuie.. 411- 

418 (K01988!, Yoshi-noto, Oya.TP,& si a,:, J. 

B. subtil IS var. ismylosa -char.: ti car diilers in 
80 hsving T130S and 11623;. ?verxdsfer., et «.7 , {.:3>H-. 

FEBS Lett. JFJK ?553624; ardjxo 3",)d 

sequencing? the mature alkaline 

jResentericopeptidase Frost mesentericvs differs 
in having $89A, $i83A and H259S) . 
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M&llSf et ai, {1983) Nvcl,/icids B&s. 11 79li~?925 
{X00165). Vasantha et ai-, 11984) j. Baeterioi. 1S§ 
811-814 m024§6K 

mtikov et dl. {2.983) Ho^s-S^yler ' s E, Physiol. 
Chem. 364 1537-1540 (PIR A00$6S; axsir^o acid 

Jacobs e£ al, {1985) Hucleic Acids Kes. 12 89.13- 
8926 CX03341). Smith et sJf. {196e) J. S-lol . Cheir;, 
243 218^-21$! {PIR A0D96a; Bv&ino acid secgijencing; 
ssatu.re protease sequence differs in having T103S, 
P129A, SiS8N, JJ16IS and S212N) . 

Hastrup @t ai. (1*?8?5; FCT ^ater,-: App^ , 8906279. 
Fui:-. July 13 19S9, iE^ipsrase*- frosu B, lentus} . 
Tak.ard et <si< {1990) .'^i^c.-^obio..' , Biot&chnol. , 

33 519-523 (assino acid sequencing of isature 
alkaline protease residues 1-20 tror. Bacillus sp, 
no> AH~101? this sequence differs frora BLSI^7 in 
having HllS) , 

van der Laan ai , {1991} AppJ. Etwiron, 

MicrobSol, S7 901-305, ii-la >ia ca. r'' ;■ . Hastrup et. al , 
(1989) PCX Patent J^pl, KO S90t279, p-^b, 13 Jul 
1989. {stibtilisin 309. Savmase*, fron; £, 
differs only in haxflng H>37Si . Godette et al, (1991) 
.Abstracts 5t.h Prctear: Society SysriposiUKs.^ June 6^ 
Baitittiore; abstract H3 {a high-alkaline protease 
f.ro::>t S.lenias diti^^rs in having mi$f S99D; SIOIR, 
S103A, VI 041 and G1S9S) . 

?^etterma:i%r et ai, 11990) PCT Patent Appl. wo 
0O/O4Q22, l>ubi,J^riI 19* 1990. 

Kaneko et (1989) J, Bact&riol, 171 5232-5236 

(M28537} . 

Sloma et ai. (1988) J. Sacterioi. 170 5557-5563 
IM22407) . Bruckner (1990) Mol. Sen. Sm&U 221 486- 
490 (X53307)> 


as 


EFCYLA. 


Bloma et (1990) J. Bacterid. 172 UTO-i^?*? 

(M29035; corrected), m et ai, (IFj-SO; j. Biol.Chem, 
265 6845-6850 (J05400; th.is seqaenca differs in 
having hl69V and 586 less C-te£S5dnal residues due 
to a framsshlft) , 

Koide et sti. {IS86) J, Bacterioi. 1€? 110-116 
(M13760) . 

Strongin et ai. C1S78) J, BactezioJ. 133 i4Cl-~i^sil 
Cai&iBO acid sequencing of mture protease residues 
1-54; residues 3, 3S, 40. 45, 46, ^9 and 50 not 
detemined) . 

Chsstukrana er al. (1985; Biox.'sijniys SO 172«~173C 
irnxno acid sequencing of siature pro-eass; lesidues 
1-~14 from thuringiensis v-»r\ety i;}:xai:lj ensis, 

and jresid-ues 1-16 and 223~2<^3 tro,;n variety 
finititnuB} . Kunitate . {19S95 Agric, Biol, 

Chesti. 53 iamlno acid seqiisncinq of jnature 

protease residues frosts variety karstaki. 

BTKLIRS] . 

Chestukhina et al, {a9BL) Siokhinuya 50 ,1724-1730 
(airdno acid sequerACi:->g of r.aturre residues I~lt and 
223-243) , 

Taujibo e£ ^i. (1930) /igxic. Sioi , CheiSx 54 2177- 
2X79 Camno acid sequencing of laature residues I- 
26} . 

Meloun et . a 385; F£B5 Lett, 183 195-200 {FIR 
A00973.; amino scid sequencing of rr.a.t'cre protesss 
residues 1-2 7 4, 

Segarra et ai. U991) Jj-iiecf.- Insnun, 59 1239-1246. 
Schnell et ai. U991) personal cosmaiication 
{Sis2,®K et ai. {^iipra? } . 

Chen et ai. (1990} J. Biol. Chass, 265 3161-3167 
(505224) . 
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mmm 

SMEXSP 


Tmm 


smsm 


Kartt et al, Msstracts Sth Protein Society 

Sympositsss, J'osiB 22-26, Baltimore -abstract Bl£, 
Vos et a989) J. Bioi. CiaejK. 264 13579-13585 

Kok «t ai. {1988} Environ, 
HicroMai. S4 231-23S (M24?67; the sequence f.ro?^ 
strain 53g2 differs in 44 positions, incIudxrK; 
differences in the protease dojaain* §r«d a deletion 
of residues 1617-1676). Kiwaki o: .s.:. -.1989) 
MQl.mcxQbiol. , 3 359-369 (XHI30; t:u= seca?ence 
froiR strain KCD07 63 differs in 4 c pc.~~. ti.,:nc-, 
including 22 in the protease dosJSin, ana a 6.,ict,ir.n 
of residues 1617-1676) , 

Liu et ai. {1990) Moi. iSeji. Genet, 220 433-440. 
Yanagida et {1086} J, ^acterioi, 1€€ 937~S34 

(Ml 34 69 5 . 

lerada et ai. {19S0) Bioi. Chejst, 2€5 6S76-€5Sa 

{JO&4I4) , 

HcHale al, aSBC) Abstracts ^:r.h Eur, Concri-, 

Biocechn, Christiansen ,Mnnck and ¥,.1 lads en {eds), 
Munksgasrd Int, Publis^.vrc^, Copenhagen. 
Deane C't ai< {193;?; Gene 76 3S--2S8 .;m2S4 99; . 
Lavrenova et al, {19f*.r> Bio^vjej;^ oirv C'^SR, 49 447- 
454 {asdno acid sequenciT-a cf residue; 1-33; 
residues 13, 18 and ]9 not deuerrRirced; , 
!4aidener et al { ; 39a s Mcl, Gen. Genet, 225 Uj-ITO 
(the published sequence ha.-; ?ci xmcertsiin residues 
nefii- ros-ition 200-210 <ai.;e to a ^ rairss.-hi f v readuia 
error) , 

Gunkel and Gassen {I9&P> £yr, J, iSiccnei?;. 179 2 85- 
194 ;X1468S/XH669> , Jany aJ . !1966) J, Siol, 
Chem.Hopp&Seyler 3$7 8~'{PIR A24S41; assino acid 
sequencing; aature prctaase differs in having 
S745G, SILST2G^ --208DSL arid WX<L264~a67fm) . 
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f^EOR Ssmal ei &1, Ho2 . Microkiol. 4 IIB^-UBZ 

^QM,FR Tstsmii et al, ilBm Mol. Gen. Gen&t. 2ti§ 3i~3S. 

^ Chee'^adhatiarah et ai, ML Dst.<=» Library 

HfTiJKi' Gaucher and Stevenson ^976^ mthod^ ^^^'u^x^c. 4S 

415-433 (amino acid sequencing ot rf>';t;3uei> :-r^,6nd 
hexapeptide LSGTSH vcith active sxt<~ &r-,T)c", 

(aisiro acid socuei-.:^ni o" r^3C^aUwi tK<e nslr-u 

J m^KSXi Tanguy-Houocsaij, Weso%-^ws-kj.~Loa\^^. and FvAyhara 

ISS 246-254 (M24201} , 

S {Ml 8 097). 

;^^;7"^l M.tcba ai, {198555 Moi. Ceil BicJ:, 8 
4 904-4916 {M233S3}. 
CEB-Iill Pet^^-s and Ros« il9^l) The Worn Breeder Gazette 

'i 11 2B. 

mmm Roebroek &t ai. FB3S Lett, a8§ 133-137 

{XS9384) . 

IMFCIR2 Roe^roek et ai, {1&S2} 2S7 I7208-i7C15. 

CeCtJCU Kaneda et aJ. (196*3) J. Baoc/ses;. 95 825-829 (asrar.o 

^ acid sequencing of octspeptidc KIISGTSM vnth active 

sxte serine) ., 

HSHmi var dsn Ouweian:^ et ai. (1990) A*ycl. Mj.as Res. IB 

664 iX04329) {uhe sequence of s;o;ise furxn differs 
51 pojtit-ions, including five in tne catalytic 
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mm3^' Y2iF, ^^32? a»d B2S8|2|0) , 

MAmm al.mm mc^, Acids H^s. 18 €71$ 

mZMmi tbe sequence of rat tmi^ differs in 4§ 
positions, inciting ttee§ in the csatalytic dosRsisi; 
S H24E> , 

2^91-3000 (J0S2S2) . Seidah «t al. nmm Dm Cell 
Moi. a 415-424 C the sequence of ssovise pi tult^^^ 
FG2 protease ciit£«rs in 23 positioBS, including 

16 s^ven in tJie protease domain j 14F, S4a (23^, E^SD, 

N?6£, i?134L and: {S239| X1D) « 

mmC3 Sm^eicens et mm Fxoc. mu, Ms^d, Sci. USA 

m 340-30 msesp?);:. Seidah al. (1990) « Cell 
Biol. S 41:5-424 (H55:S68/M5St6S; partial sequence K 

IS HSW fomkisson ai>d *lonsson mpchmistry 30 1SS~ 

174 (josas^). 
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In the drawings, Fig. 1 shows au aligr^&enc of d j.urj::,^: cf t^e 
sufetii-ases isentxoned in; table I ^ 

Fig, 2 is a 3-da.mensional represetitation ot ^uot^Heu. JO'- 

2$ ghowxnq tho location of the hydrophobic dos:ain arc j;on~ ot tt€ 
a».inr ac la ' esadtie^ the vicinity thereof to be substituted 
according tc tbe ifjvention, 

BAixjgp i>sscRxgTy<;a?.o^^ the iKVEmg 

It has j;urprii;ir.gXy been fo\snd that the storage stability 
and/or ijnproved performance in detergent." of subtllases 
generally is ixtiproved when amino acid residiaes situated In, or 
35 in the vicinity of a hydrophobic doatain coiaprising the residues 
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?IZB, 13 65, yi€7, Y171 of sutotilisin 309 are substituted 

for a snore hydrophobic re&idue. The residues in question are 
especially E136, SI 64, EHO, hl94, and 

S Further, said variant esshiteits a particularly high issproved 
stability in liquid detsrgeuts and in detergents in a shaped 
solid fom. 

Pig* 2 shows the hydrophobic dosaaxB in subtil isin 309 and 
10 residues in the vicinity thereof e nwsber of which are to foe 
siJtostituted in order tO: increase the hydrophofoicity of the 
doisain, this may be achieved by substituting hydrophobic 
residues for non -hydrophobic residues and/or by sutestituting 
residues to beooiae even ssore hydrophobic than in the parent 
IS enzyme, 

the same principle applies to the corresponding dojnain in other 
subtilases. the identification of Which is Withiri the skills of 
th^ average person war|cin0 in this technioal ti&M. Graphic 
ao repressntations like the one in Fig. 2 can be produced for 
mmx subtiiases to determine the target residues to toe 
substituted acscdxdin^ to the iTiyention. 

a nusifeer hereof is inslicsted in fable II belb^: 
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r«8id\i«is xn hydropbcfoic dsmain and tbes vicinity thsr«of 





BLS309 


2'VTHER 

domain 

129 

F 


P 

T 

T 

131 


G 

F 

G 

G 

165 

V 

I 

I 

V 

? 


Y 

Y 

Y 

Y 

Y 

171 


Y 

Y 

Y 

Y 

Vicinity 

136 

K 

K 

E 

E 

Q 

159 

S 

S 


G 

T 

l$4 

T 


S 

G 

A 

170 

k: 

K 

E 

H 

Y 

IM 

F 


A 

P 

S 

195 


E 

G 

E 

V 


t Table II was coiistructed using the aligssaent shown in Fig, 2. 
Jt is obvious that similar or larger tables cohering other 
subtiiasea Ksay easily foe produced by the skilled person , 

Consequently: the inverstion relates to sufetiiase yariaats ip. 

IS which tbe amino acid sequence has been changed through mutating 
the gene of the subtili^in ensyme, which it is desired to 
modify (the parent enzyme or gene), in the codon responsible 
for the expression of the amino acid residue in positiojss 12S, 
131, ISS, 167, 171, 136, 164, 170, 194, and 19S, which 

1S residues are more hydrophobic than the residue (s) in the parent 


^mBmmBmm 


m 

mzym, ©specially such bj^dropfeotoic resMiseB tJiat cosgsrise a 
rslati^ely long li^^roptiobic; side chaia, sW as lie. X,eu, 
l^al^ wberetey, Mhen fcfcg mutated gene is expressed, the »iao 
acid residue is sutestituted by a more feydrojjbobic resldyie, 
S v^hidfe ihcr^a^es th^ hy^ophobieiti^ of t^je domain as such, 

HydrcphoMc amino acid residues are gen^raliy the fdlloi^^ing; 
¥al {V), lie CI)< Leu CD, Met (M)^ Phe (F) , £>ro IP) a»d 
Trp m) . mmnq tisese Val. lie arid l,eu -pt^UzM. 

10 

By lodmxq at Tab>e II and applying the principle of tfe« 
iMtition a atasibet of caiididates foi: si^stitutidn becojses 
cslesr, 

m For both mSEm and m^m^ it ^eei&s appropriate to pake 
st2i>stitutions in pasitious 129, 131, lU, IBB, lUi 167* 170, 
l-?! aiJd ISS, in jBLSSOS positioas 136, i«4, 167, and 170, 171 
wotild be th0 first choices, and positiops 159 and 19S also 
would: it>e a sfeeond dsoice, lis BL$i47 positions 12%, 131/ 136, 

SO 170, 171 and ^5 are thm fisrst choice, while positions IS? 

and are second. Finally, in fVTHEK pdsitiosvs 125, 131, 136, 
171 and 194 are the first choices, with 164 as a secoi^d 


as According to the inx?ention it would entail an advasitage to 
sub^titut^ the Gly residues in the hydtssphoblo domain to 
bmikier and more bydrophofeic residues . 

Such conslderatioiis apply for any hydsfopbilic or hydropfeofeic 
30 residue tfeat m&y occnpY ^Y df the above mentioned position, 
meaning tbat any incjEreasa in hydrophdbicity seems to be 
advantageous . Mb jaeens tbat e.g. a very hydrophilic residiie 
such as the charged residues m (B) , m m, m W) or Lys 
im may toe substituted by any residue that is less hydrophilic. 
SS Sadb less hydrophilic residues coKsprises the residues Gly m r 


m 

eys m. S«r 0)> Ma m. tht ith tyr (Y), <Sln His ffil 

or Mn . It ©ls«? sseans that a m m toe st&stitutaci fey a 
mtB hydtophoMc resldae sueh as VM Wl, i^m iU » or , 

5 Sijuiiar consi<M3?stiojis cm tee appi4«^3 to otfaer siilstilages 
Mying a hydrophofeic domain in tMs part s>f the surfa<:« of 

In the contesst of this invention a subtilise is defined in 
10 accGrdsnce ^ith Sie^en et aJ. , ^ijpra . in s saore narrow ssjise^ 

spplic^fel^ to !san^ mmmmm thB immt±m. Urn subtiiases 

Qf interest are tlios« beldngiiit to th^ ^tib^roups I^Sl atid I~S2, 
a mvB specific sense, many of th^ ^odiments of the 

iriv^htion relate to serine proteases i)f gr^-positive bacteria 
IS Khich cah be brought into substantially unaitifeiguous hoisolbgy in 

their prisaary structure* with the sufetiiasas listss^ in Table I 

The present invention also coisprises any one er more 
20 sistefetittjtions in the sbptre is^ntidh^d positions in cojsfoinstioa 
vith any other substitution, deletion or addition to the asiino 
acid sequence of the parent enzyme. Especialiy cojsbinations 
with other substitutidns Worn to provide iiRproved properties 
to the ehzyxae are envisaged. 

Such cojabinatidhs cosiprise the positions; 222 (issprm?® 
oxidation stsbiiityh 218 a^sipro■\?as thermal stability), 
siibstitutions in the: Ca-binding sites;; st^iiising the enzyme. 
e.g. position 76> and «y dthet apparent fpm the prior art . 

m 

Furthenaore coJ&binations Kith the variants mentioned in EP 405 
&01 are also contes?^Iated speci^ieally. 
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tiXislu DY vsriantss 

s AX2S¥, Mzm, mm Aissr 

Si31I;, <SX31L, GX31M, 

KI3«V, K13€I, Kim. K13;6M> K136F, 

$15^, Si59F. 

T164^^. fI€4L, i;i44M> flpF. 

ID Yi$7¥, Yi«?I^ Yl€7:r>, Yie'TH, TieTF 

KiTov, KX70I. mmr mm. khof. 

YX7IV, YlTil^ Y17:XL> YmM, TlliF 

Ai94V. M9^M, AI94F 

E19SV, ElfSL, EISSF, 

IS 

ffoerjaitase variants: 

M2SV> M2$I. M29*5. AX29F 

G13XV, <313XI, (313XL, G13IH^ G131F 

Qim% 0X361. 0i36L, 013^1, QI3@F, 

m rim% txssi, fissL^ tis^m, tissf. 

M64V, Ai64X, AX64L. A164M, 

Y167V, Yig7x, Y167t, YX67M, Y167F 

Y171V, Y17XI, YX71L, YX7aM, n?XF 

YX70V, Y170I, Y170L, Y170M, Y170F, 

m Sl»> smi, S194L, SX&4H, 

SubtiXisin 309, Subtilisin X47, and Baoillvis PB02 protsaBg 

n29v, nasL, ti29m, txssf 

30 G13XV, G131I, GI3ZH, G131F 

EX36I, E136L, EX36H, E136F, 

0XS9V, aiSSL, GIS^H, GX59F, 

G164V, GX64I, G164r, {BLS147) 

SI 64V, S164X, SI64L, S164H, S164r, (BLS3C'9 Mm rWB92) 

3§ Y167A, Y167K,, Y167r^-, Y1S7?, YX67C, YIBIW, 
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Yi670, Y167S, YX67T, Y167G, Y167V, Y167I, yiS7L, Y167H, n67F 

RI70A, R170H, R170N, R170P, R1700/ E17Q$, RI70T, Ra70y 
Cdisciaimed for BLS309j , R170V (disclaiissd for R170I 
{disclaimed for BM»BS2}, miQU RX70H {disclaijaed for 

B BmBBZU RX70F, M70G> M7GC, 

Y171A, Y171H, Y17iJ?, VI71P, Y171SS, Y1?1Q, Y171S, 

Y171T, ¥173.6, Y171V, Y171I, Y171L, yi7lM, YI71F 

A194V, A194F, CBX.S309 mD BM>S92) 

F194¥, B1$4I> mmW, PX94r, (BLS147} 

10 EX:95X, EISSL, EISSF, mLS147) 

6i9SI, <S195L, CISSF, (BLS30& MD mmB2 

Bj Coisbination Variants: 

IS any of the above variants contemplated to pro^e 

advantageous if eoHsbined with othe^r variants in any of the 
positions: 

21, 36, 57, 76, 97, XOl, 104, 120, 123, 206, 218, 222, 224, .335 
ahd 274. 

Specifically th« following BLSSOS and wmB2 variants are 
considered appropriate for cossbiriationj 

K27R, *36C, SS7P, jn6G, GSTN, SIOXG, V204A, YWAB, V104Y, 
H120D, K123S, A194P, 0206E, M222S, H222A, T224S, K23SL 

Also such variants comprising any one or two of the 
suhstitutions XX67V, X167M, XX67F, X167L, K167X, X170V, .Xa70M, 
X17GF, X170L, and/or XX70X in coiafoination with auy one or more 
30 of the other substittjtions, deletions and/or inserticns 
mentioned shove are advantageous, 

Farthenaore variants CGiuprising any of the variants 
V104N*S1010, K27Rm04Y-i-m23S4T2?4A, or N76DW104A or other 
3S cossbinations of these Siutations (V104H, SIOIG, K27R, ¥1047; 


mmmmmm 
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mw, ¥ao4&) , in ccmbinstion with say one or m©r« 
o£ the ssOsstitatioas* m^ims and/or insertions pensioned 
abo'sre are deemed to esshibit isi^roved properties, 

SSpecifm txm^^i<m to b& mentioned are: 

si ssimmwh 

C" ) 04 Y-i-En DM2 1 8$ 

is d' ) E17SX+N21fS*M222S 
4'") M70I-fH21Sg^22S 

g") Yi67i*Ri7Gi 

i ) SB:7P-5-N7 6D*M 7 0L«ies 

i SS7P+H76IHK170X4jsf£18S 

j*) JI760+E17OI+H21SS+M222S 
38 a**) K76I>^M70M218S^22aA 

t) *36&fri6Wl20»M70L*G195E-^K23SL 
3S 1' ) *36I>*H76B*HX20D4R17QX+<31S5£*K23SL 
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m) K?6D+H120mE170L+G395£+K23SL 

m *36D*G97N*«<¥l04Y4.Hia0l>^El701,*m94P*Sl95E 

o) SS7F*-E170L+0206£ 
10 O'? S5'?P->-RS70I+0206S 
R17OI,+O206E 

q) Yl€7I'fM70X**Q206E 
q * ) Yl 67I*R170i:4a206E 

r>) Y167F4-K170I 

t ) )ri 67I4Ki70X>*M MR 

t') 1'167X'^RI701+A1S4F 

t«) Yim4|tl70MX94P 
to t««} Yl€7i*|^17Ql4M94P 
Yi6?;3:-5-R170L*K21BS 

U«1 yi67l4E170I+J$2i8S 

U") YI67L4-Ri70L4N2a8S 
T167X,*E170M2X8S 
as ^} Yl€7l+E170L-*A194F'i^N218S 

V") Tl67I+R170I-i-JiI94P-i-H21SS 

V") Yl67L-i-Rl70L'i-Ai94F+H218S 
Y167L4R170I-f-M94P-s-N2X8S 

X) R170L+Fi3i1? 
30??*) Ri7DI+P13iV 

yl *36D+Y1671+R170L 

y*) *36p-5-T167l4Ki70I 
Y167I'5-¥171X 

aa) Y167V-5'R170L 
3Sas'} yX67\?-fR1703: 
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DETERGENT CCMPOS ITIOMS CCMPRISXNG THE MUTAKT EHZYHES 

10 Th« pres«Tit invention also comprises the use of the mutant 
mnzymsiS of the isjvention is cleaning and detergent cospositions 
and such cpmpositiOKS comprisltig the mutant, sabtilifein enswes. 
Such clesiiing: and detergent coit^aositions can in principle have 
any physiGal torn, but the stibtilase irarisnts are preferably 

IS incorporated in ligsiid detergent compositions or in detergent 
coBspositions in the form of foars, tablets, sticks and the like 
for direct application^ wherein mey exhibit ijsproved sns^me 
stability or per^onssace. 


aOtootsg the liquid ooispositions of the present inYention are 
agueous liquid detergents having for exsa^le & hojaogsneatss 
physical character, they can consist of a isicellar 

solution of surfactants in a continuous aqueous phase, so- 
called isotropic liquids, 

25 

Mtematively, they can have a heterogenaous physical phase and 
they can be structured, for example they can consist of a 
dispersion of iaisellar droplets in a continuous aqueous phase, 
for example comprising a de flocculating polymer having a 
30 hydrophilic bacljbone and at least one hydrophobic side chain, 
as described in EP~A"346 99S (Unilever) (incorporated herein by 
reference) , These latter liquids are heterogeneous and may 
contain suspended solid particles such as particles of builder 
materials e.g. of the kinds mentioned below. 
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Concerning powder detergent compositions such compositions 
ccssRprise in addition to any one or siore of the stjbtiiisin 
etizysae i^ari&nts in sccordancs to arty of the preceding aspects 
of the invention alone or in coiabination arsy of the 
S cosiponents included in mch cosspositions which are wsll~knox<?n 
to the person skilled in the art. 

Such ccmpon&ntB coji$jri«e builders^ such as phosphate or zeolite 
bxsilders^ surfactants, such as anionic, cationic, non-ionic or 
10 KWitterionic type surfactants, polymers, such as acrylic or 
eqnivaient polymers, bleach systeais, such as perborate- or 
amino"containin§ bleach precursors or actix^atots^ structurants, 
such as silicate structurants, alkali or acid to adjust pH, 
hiaaactants, and/ox neutral inorganic salts. 

Furthermore^ a nuisfoar of other ingredients are norjually present 
in the compositions of the: invention, such as: 

A. Cosurfactants 
20 Tartrate Succinate Builder 

C, Sfautrallzation System 

D> Suds suppressor 
E* Other Enzymes 

r. Other C^tional Coss^onents 

2$ 

The weight ratio of anionic surfactant to nonionic surfactant 
is preferably from 1:1 to SU. The compositions have a pH in a 
10% by weiijfht solution in water at 20"G of frtm 7.0 to 9.0, a 
Critical Micelle Concentration of less than or equal to 200 
30 ppm, and an air/watex Interfacial Tension at the Critical 
Micelle Concentration of less than or equal to 32 dynes/oa at 
3S*C in distilled water. The oojspositions are preferably clear, 
homoganeous and phase stable, and have good cleaning 
performance and ehsyme stafeilityv. 
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S The cojapQsitissns of the pre««fit iJiv^istion contain from aboat 
16% to about 56%, prefersbly frcas afomit 1S% ^bout S«%^ saors 
pmi^tsbly ftQ^ about 20% to 4pf , and most preferably fra 201 
to about 301 < by w^l^ht «>f ^ natural or synthetic aaioriic 
surfactant. Sttita&le mturai or synthetic aniotjie surfsctants 
16 are e.g. 5©^|>s md such ®s disoios^d in U.S. WtmZ 4,m5rB41, 
and in l?.S. S'atesit 3> S2S> S78, 

Psfeful anionic sw^actants include thfe wster-soluble aslts. 
partlciilarly the alkali m^tal, Bmpmm am alkylolmwnim 

1$ (e.g., monoethatiolmmtiim or trietiianola»niwi| aalts. of 
organic aulfuric raaction protets havinf in their isioiecuiar 
:str«ur^ m aikyi group containing from about XO to aJsoufe as 
carbon atosss ana a sulfonic acid or sulfuric acid ester group. 
(Included in the tern ''alkyl** is the aikyl portion of aryi 

2S gtmps,) Examples of this group of synth&tie surfactants are 
the aikyl sulfates, especially tho^e obtained fey sulfatiti^ the 
Mgher alcohols Wr-Cu carbon atosas) such &3 those produced by 
reduoiijg tbe glyperidea of tallow or coconut oil? ajEKi th^ 
alkylbenzen^ suilonates in mich the alkyl groti|s contains from 

M mom 9 to about IS carbon atoms, in straight chain or branched 
chain configuration, ^.0., those of the t^e described in v. 
stents 2,m, 099 and 2, 477; 383, Especially valuable ars linear 
straight cfhain alkylbensene sulfonates in which the average 
nujsber of caxison at<ms in the alkyl groiip is about 11 to 

30 14. 

Other anionic sisrfactants herein are the water-soluble salts 
of J paraffin sulfonates containing from 8 to about 24 (pre- 
ferably about 12 to m carbon atoms; alkyl glyceryl etner sul- 
$5 fonates, especially those ethers of Cs~Cus alcohols Ce.f,, those 
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derived from taXiGw and coconut oil); ph^sl etls^l^ae 

oxide etmx sulfates ccmtaiMnQ trom 1 to abo^Jt 4 mits pf 
«thyime oxide per issai^cuie and tmm 8 to 12 earfosjn 4t^sms 
the Myl gmmf aiid stiteyi ethyleiie oscisfe ©ther sulfates 
$ containing 1 to 4 uftits of sthylem oxide pes- molecule and from 
10 to 20 Carlson atassm in the aikyi group. 

Other iiseful anionic surfact^tits include the water-soluble 
salts of esters of B.-ml£ommd fatty acids containing from 6 

10 to 20 carbpn atcsm? iji tbe fatty aoid group and fross 1 to 10 
casrbon stom^ in ttie ester ^roUp; w&ter-soiufol^ ^alts of a~ 
acyioxy-aI3cane-l"SuIfQnic acids containing frojs 2 to S carto 
atofis in tM acyl ^rotsp and frosi S to 23 cartoon atosis iri the 
alkane Boiety;; waters sol^ible salts t>t olefin sulfonates 

15 containing fross 12 to 24 carbon atosss; and b^alkyloxy alkane 
mlMnBtBB containing irom 1 to 3 parbon atoms in the alk^^l 
gxmp and f rors 8: tQ 20 darboh atoms in t)ie allsane ssoi^tsf^ 

Fref^i^red anionic surfactants are soaps, the Cjs-^Gjs alkyi 
20 sulfates and alkyl etboxy sulfates dontaining msmm Pf W 
to 4 ethylene oxida units pmx Jsole of aikyl sulfate^ Cii-Gj.-s 
linear alkyl ^enssdne siiXfdhates* atid mii«tviJ:«s thereof;, 

2, Nonlonic Surfactant 

,J^other optional ingredient is ttcm 2i U I4t preferably fror 
Z\ to B%, most p^eferairiy from to by weight cf 
vr^taon^^lly ethoxilated nonionic surf«ctant. The weight rati'- of 
natural or synthetic anioniv. surfactart (on a^^ acid t>asi«, 
3D vr-cra-^ svi f uctart a*? ftor l>3 ">> sr^-- ^r^v,^ , irc- 

ij. , ^.^Lt prt^esabl^ tio i.l t-j ' ^ "".i^ o i^^-e the 

iorn=3tvou J aJso^r^^f"^^ ^* .a*ficj«nr har.ini;£v» -.as *.3.c tants «w 
the axr/Vator intt-rface to provide good greasy/o;.Iy soil 
xemot^fal, 

m 
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Tfee optionaliy ^thoxyXated nouicmic mrfactant is of tlie 
f omuls W^ioomu m, Mtm^ixi U a Cj.-C* alkyi g^mp or a C,- 
Cij alfeyl phenyl grmp, n is from 3 to 9^ and said nonipnic 
Wfactant hm ais (Mya3?ophilip-X.ipo|sfeilie BsiasceJ of tsost 

S 6 to 14, preferably trom lS to i3. th^se s«trfactia«ts srs tsor® 
fully described in Jj.S. Patents 4,28S,841, ajjd 4,284,532. 
Farticularly preferred are coKdensation produets of e^-S.. 
^Icobols with from 3 tb 8 xmU^ M ethylene oxide per sioie of 
alcohol, e.g,< Cij-Csj alcohol eoiidensed with about 6,5 mol«s of 
to ethylene Qxid^ per snole of alcohol. Other nonionic st^rfactaBts 
to foe Mtiohed are SPG, SGE, and gltscamide surf actsiita . 

3, Det^rgency Builder 

n mom the usual detergeat ingredients whidh s^y toe present in 
listj^l aiROijnts i» the detergent cmpmitim of this invention 
axe th« followin^i The cos^ositioTis may be built or unbuilt, 
and jaay be of the sero-F type (i.e. »ot dontfeinins any phos- 
|3horus cpntainiw builders}, thus, the oorsposition my contain 

20 isj the aggregate fdr exasqp^e from l-SOl, e.g. at iea;?t about SI 
and oftan «p to about 3S~40i % weight, of one or jfepre orgaaiq 
and/or ihorganic builder^, typioai exasisples of builders include 
aireasJy mexstidned abdtre, mi more broadly iJiciude alJcaXl 
saetal ortho, i?yxo> aiid txipoXyphosphates, alkali jaetal carfesn- 

;25ates> either alone or In as&ijffeure with calcite, alkali mtai 
citrat^^, alkali jsetal nitrrldtriacetates, carboxyfeethyloj^ysuc- 
cinatea, xeolites, polyacetalcarfooxyiates, and so on. 

More specifically the cosspdsitioha herein dontain from 5| to 
3S 20%, preferably fros 10% to 1S|, by weight of a detsrgency 
bullsfer whidh can be a fatty acid containing from 1.0 to 18 
carbon atoms and/or a poiycarboxyXate, seoiite* polyphoshonate 
atid/or polyphosphate a builder, Preferred are from Q to 101 
imore preferably from 3S to imi by weight of saturated fatty 
3S acids containing f ross 12 to 14 carbon atoais, along with from 0 
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to 101, isjore preferably fross 2% to S%, most preferably from 2% 
to 5%, by weight of a polycarboxyiate teuilder, most preferably 
citric acid, in a weight ratio of frojs 1:1 to 3:1. 

5 Since the proteolytic ens^ss^s herein appear to provide optisnxas 
storage stability benefits vsrstis other ensymes when the 
builder to vfster hardsjs^s ratio is close to one, the 
coispositions preferably contain sufficient builder to sequester 
from 2 to Wi preferably from 3 to 8, grains per gallon of 
10 hardness , 

suitable saturated fatty acids can be obtained froif. natural 
sources stsch as plant or animal esters (e.g., paXsi kernel oil, 
palm oil &nd coconut oil} or syBtheticaliy prefjared ^e.g., via 

tS the oxidation of petroleisu or by hydrogenation of carbon 
Bonoxide via the Fisher-Tropseh process) . Examples of suitable 
saturated fatty acids for use in the coispb^itions of this 
inventloT? include capric, iauric, myristic^ coconut and pais* 
kernel fatty acid, Preferred are saturated coconut fatty acids; 

20 from 5:1 to IjI {preferably about 3:1} weight ratio mixtures of 
Xauric and myristic acid; mixtures of the above with minor 
ai&ouats (e.g.^ 1%"30% of total fatty acid) of oleic acid; and 
palm kernel fatty acid. 

M The coaposltions herein preferably also contain the 
polycarfooxylate, polyphosphonate and polyphosphate builders 
described in tT,S. Patent 4,2$4,S32, Water-soluble 
pel. yea rboxyi ate builders, particularly citrates, are preferred 
cl this group. Suitable polycarboxylate builders Include the 

50 vf-rio'js asuinopolycarboxylates, cycloaikane polycarboxylates, 
ether polycarfooxyXates* aikyi polycarboxylates, epoxy 
polycarbos:ylates, tetrahydrofuran polycarboxylates^ bensene 
poiycarboxylates, and pclyacetal polycarboxylates. 
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pQtassiuai ethyierieciiaissin^tstra^cetat^; sodium sad potassim 
Tiitriiotriacetate/ til® s^st^r-solubXe ^alts of pbytic aci<l, 
e.g.# sodium and potassiiKs j>h:rtat««, cllscidsed i« P&tmt 
5 1,731,842, the poiycayboxyiate ;material& described in y.S. 
Mteiit MMAd^} and the w®tfr»solu|sl« salts of 
poiycartooxyl;at« polymers mi csopolyssers described in tT.S. 
Patent 3y 308, 061 . 

i(J Other useful detjergerscy builders include the water^solufei© 
®alts 0f polm^zip aiii^hatic poIyearboKyXic acids having the 
foliom»g structural physical characteristics; la] a 

mnimum laoXecular weight of about 350 calctiiated as to the acid 
fe^n; m ^ equivai^ilt weight of SO to 80 caiGtiiatad as to 

IS acid fdrjsf O) at least 45 mole percent of the Mesmeric 
spacies hsyixig at least two carboxyi radicals separated from 
each other by hot nsore thm two carbon ato£ss: (d) the Bite m 
attachiaent of the polysser pshain of any carbbxyl-confcainiag 
radical being separated by rm more than three carbon atosns 

20 along the polymer chain from the site of attachissent of the next 
cartoyl-cohtainixig radical. Specif i<; exa!S|jles of sutiJv teuilders 
are the polymers and; copolymers of itaconic acid, aconitic 
acid, maleic mid, mesacoiuc acid, fmaric acid, siethyiene 
Sialdiiid acid, and citracdiiic acid. 

m 

Other sxiltabie pclycaJrboxylats buxiders include the water- 
soluble salts, especially the sodium and potassiwja salts, of 
miiitic acid, citric acid^ pyromellitic acid, i^enzeae 
pentacarbOJcylid afcid, oxydlacetic acid, carbojiymethyiosy~> 
30 succinic acid, cstbPKymethyloxyjsalonxc acid^ Gis-cyciol:iexaae- 
hexsDarboKylic acid, cis-cyclopentasietetracarboxylic aclci and 
oscydisdccinic acid, 

Otiher polycarboxylates are the polyaeetal carboxylates 
3S described in Patent 4,144,226, and «ent 4,146, 4fS. 
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alymliiosiXic^te ion exchange isateriaLi <iescxibed in 0,s. Fstent. 
4,4O5,403> 

Qtber pmt&xrmd feuilders are thorn of the ^etj^rai foouiia 
miComm^mmU x<e. dmimti^^s ot SiJeanic acid, wherein E 
is alkyl or alJcenyl, jsref eraisi^ G^^-Gj*. or Wherelji R my 

toe svsbstitut^d with hydroxy!, sulfo. sulfosiy or aiilfone 

10 s«fc,5tlti^«nts, mm succinate Mildsrs are prefssratojy us^d in 
ths foinn of their water soluble salts, incluciing the sodim, 
potassiisEi axs?3 alkanolapnoniws salts. Specific exaasples of 
BViccixi&m mixers iacludet lauryl succimt^, myristyi 
stscciriate, palmityl «#nate, succinate, and the 

15 like. 

4. Pjrot^olytic Ehz^p 


The enzymes ot the indention cm foe tssed in welX-ksovn: staudarcJ 
20 asjomits is deterg« cjoit^osltlons, the »tmts laay range xmry 
vficlely, e.g. about 0.dOG2-o,l, e.g. about O.DQ5-G,OS, Mson 
tinits per gram of the ?fetergent coicpositian, ti^zmmd in al- 
tenisitiv^ miit^, tbe protease can be itKjltiaBd m the composi- 
tions in assotmts in the order of from about 0»1 to 100 GU/iaf 
^ (e.g. 1~5Q, especiaiiy m/isgl of the detsrgmt iotmxl&- 

tioa> or any: amoimt in a wide range centering at afeotit 0, 01-^4, 
fe.g. 04-0,4 mm per g of detergent formiiiation, 

It may for exassple be suitable to use tfte preserit mz^es at 
3S the rate of about 0.25 of enayise protein per litre of 
Xijpor^ corresponaiag to an enaysse activity of the order of 
0.08 KNRJ per iitr«. Corresponding detergent fomulations can 
cojxtain the mt^m in for exsjapie an assount of the ordfr of 
0.1-0.1 KNFTJ/g. 

3S 
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Expressed differently the am^OBiXicm of tb© present iTOntion 
contain fm aboat 0.01% to alxsut SI, preferMsii? frois abo^t 
oa% to about 2%, by weight of the proteolytic fejisjsnes of the 

ffes described; proteolytic enzpae Is preferably inoliid^d in an 
amoiant sufficient to provide as? activity of from 0,05 to abput 
1,0, more preferaijly frosi abeut 0.1 to 0,15, mmt preferafely 
from aboiJt 0.125 to abptat 0.5,mg of active eii2)?iae per gram of 
IS compositioti, 

Tha anzyiae componeiit saay foe added to the otber components in 
any convenient form, such as in the form of a soiutiosi, slurry., 
I»P? slisrry^ or crystals. 

IS 

S» SriKyat© Stabilisation System 

The liquid detergents according to the present itjventior. may 
coEsprise At5 enzyjne stabilization system, comprising calciism 
20 ion, boric acid, prcpylatje glycol and/or short ohaim carboxylic 
acids. The enzyme stabilisation systein comprises from about 
Ox&l to about 151 by weight of the coiaposition, 

The costposition preferably contains from abcut Q.Ol to about 
2S SO, preferably from about 0.1 to about 30, more preferably froie 
about 1 to 20 millimoies of calciim ion per liter. The level of 
calciisju ion should be selected so that thare is always so^se 
irdnimuKj le^^el available for the etiayme, after allowing for 
cosjplexation with builders etc, in the composition. Any water- 
30 scUitile calcim, salt can be used as the source oi; calciunri ion, 
including csIcIujr chloride, caiciu.n; formate, and calciujti 
acetate:, A sstiall amount of calc:.u;i! ion, generally frosi about 
0-05 to 0,4 xallliTnoles per lir,&r, is often also present in the 
composition due to calcium in the enzyme slurry and formula 
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mtm. Tipom sbout 0.031 to aboat 0,S% of calciiim fopssts is 

h secensS preferred m^jp^ stabiliser is polyols containing osjiy 
S carbon, hj^drogen an4 oxygen atissss, mm preferably cGistain from 
2 to 6 carbon atoiss and from 2 to 6 hydrossy groups. Bxaispios 
ijiClade propylene glycol |«sp«c:ially l, 2-^ropan8diol, v?hich is 
pr«£errediK ethylene glyeol, glycfercsi, sorbitol, jBan^itol, and 
m^m* poiyol generally represents fzom ajbout 0.5% t» 

is 15%, jsreferably frbm about 1,S% to about 8%, by weight of the 
composition. Preferably, tke weight ratio of polyoX to any 
boric ^cid Sidded is at les^t l> saore preferably at least 1,3. 

Th& mm>osit±m$ prafarabiy also ebntain tm water-soiabiei 
is sbort chain carboxylates described in tj.s, Fatent 4,31S,81S> 
fhe formates are preferred and can fee used at levels of frm 
aboiat 0, 0S% to about S%, preferably front abotit a* 2% to abo^t 
Zkj most preferably from 0,4t to l.S%, by weight: of tiss 
composition i Scdimfe forsiate is preferred, 

tbe CGS^ositions feerein aXao optionaliy contain frosEsi about 
0,251 to about 5%, ssost preferably frm about 0,5% to about 31, 
by weight cf boric acid. Tbe boric acid iaay be^ but is 
preferably not, formed fey a ccssspoi^nd capable of forming boric 

2S acid m tbe c;ps8position; Boric aeid is preferred, aithOTi^h 
other coBpo\mds sucli as boric osside, borax and cither aikaii 
metal borates (e.g., sodium ortbo-, laeta- and pyroborate, &n<d 
«™ pent^orate) are siiitable. ts?ibstituted bori^; acids 
(e.g,, pbenylboronic acid, butane boronic acid, end p-bromo 

$0 pbenylfesronic acid) can also be used in plaoe of boric acid, 

S?atar 

the liguid cot^ositions of the present iayeatidn my be agueous 
3S liguids or non-agueoBs; liquids, mm tbe are aqueous Xigui^Ssy 
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they contain from about 151 to ateoiat «0I, prefersfeiy from sfadut 
m to about 4S%, hy wei^t of water . 


A. CDSUtfactaats 

psstjonai cosutf^ctanl;^ for u^e Mitl^ ti5« aboxre lioxsionic 
IS mTt&ctmtB tmlnde mM%s of th& f ormula 

0 

1 I 
~ C " H P.' 

IS 

wherein is aa alfeyl. hydroxyailcyl or aJDcenyl radical 

omt^ining from 6 to 20 csrbon atoms, ar«^ arid are ssiected 
from the group consisting of hyOrogeii, mthyl, ethyl, propj^l> 
isopropyX, S'-feydroxyWX. 2*!sydroxyprDpyi, a-hydrdxypropyl, 
20 and a®id radicals additionally containing up to S ethylene 
oxide units, provided at lasst one of atsd contains a 
bydro3?;yl group, 

Prat^rrsd asrsides ara the C^^Cg, f^tty acid alk^lol amides In 
2S vMch each alkyloi group contains from 1 to 3 carbon atosss, and 
additionally can contain up to 2 ethylene oxisie ^nits, 
Farticularly preferred are the Cu-Cu fatty acid monoethanol and 
di^thanoi aisides. 

m If used, amides are preferably present at a le^al siich that tfee 
abo^e ethoxyiated noriionic isurfactant ahd asiids aurfactant is 
in a weigiit ratio of from 4; I to It 4, preferably frojs Ssi to 
1;3« 
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Fffef erred and optional cosorfactaats, «sed at s IswX of frosi 
oam to 1%. ate the quaternary »onxym. axaine and amine oxide 
surfactants described in gatent 4,S0?,21S. 

S Of m& above, the Co-Cx* ailcyl trimet&yiaBwsniimi salted ar« 
pref erased, decyl triBethyleasssonim methyisuifste, la^^ryl 

l^imtm-Bmmim morim m^xUtyl trwthyiasraium bromide, 
« cocomst tsisssthylajraim ciiXoride and SiethylswXfate, Frofe 
0.2% to 0,8% of iiionoaXIcyl trimathyiarmsoBiuis dsa^jride is 
i 0 ip^8 f e r r ed , 

Tartrate Sucexseiat^ feuiidsr 

TU mm^mxm mm preferably contain from 0 to atoout 101, 
tS pref«rafoly f™ b to about 6%, by weight arx ah acid basi«, of a 
tartrate succiiiate builder itsateriaa aei^cted ttm ttie group 
coasistih^ of J 

i) HQCH » CH » 0 - CH - CH2 
SO ! I I r 

ebGX CiXSS CODX coox 
wherein X is a sait-forming; catiosj; 

ii) - CH " 0 - CH ~ CM - 0 ~ CH - CHs 
^ f i ! 1 i ! 

CCKpK COSK C<?OK COOX COOK POOX 

v^fee^rein X is a salt-forsaing caticm; and 

30 iii) mixtms thereof . 

The tartrate suceinate ammmms uaad herein are described in 
B.S; Patent 663, 071. 
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fhe pre^mt cosnpositions cm aim optioHaily contain frssm ^bsmt 
0 to about 0,04 jaoies, prefera&ly tmm shout 0,01 to 0,^35 
§ moles, more preferably from about O.OIS to about 0,03 moles, 
per IfO gy«!ss o^ cosiposxtxon of m aiksnolasiine s^lscte^i Iross 
tbe group coiislstiBg of mondsthanoi^in^, diettoolamtoe, 
trietbanQlamine.and mixtures thereof. LoM leirsls of tfee 
alKanoXamiries. particalatly mm^thBuolmim, are prefgrrsd to 
10 enhara product stability, detergtey perforsteace, sisd ocio^r . 
However, the »unt of alkanolamiu© should be miniiaized for 
best chlorine bleacih cossp^tlbllity. 

In acfeJitiqii^ the cmpomimB txmt&m sodiusv ions, and 
IS p^efsrabiy potassi\3SR ions, at a Im&l suffipient: to t^eutralixe 
the asiionie species ana ptox*ide the; desired protefc pH> 

X>, Suds Supijressor 

SOJ^othar optional iSojnpdnent for urn in the liquid detergents 
h«reiB is from D to abdiit 1.5%, |>referafoly frojn abotit O.S% to 
about: 1,0%, by waight of siXicorse: based suds stipprassor agent. 
Siliconfs ar# Widely knp^^n ^hci tattgbt for use as highly 
eff eetive auds coTitroUing agents. For example, ti,S. Patent 

2§ 3, ^$§,a:3& relates tO: comppsitions and processes for defoaMing 
aqueous soiutiohs by in<;orpbratin^ tbareiu spall aronts of 
poi5?di3tsathylsilo3taBe tl^im v 

tJa^ful suds controllip^ siUcbn^s ^re sdjstures of silxcoii« and 
m silanatea silica as described, for instaaca, in German Patent 
implication DOS % 124 , Sa« . 

SiXicoue defoamers and suds oontrolllng agmts bave baess 
successfully incorporated into granular detergent compositions 
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by protmtmg "^hm fmm steterg«nt sasfactants as in XJ.S. Patent 
3,S33,&72> an4 in VS^ Patent 

A pvef^xmd silicons tossed suds suppressor for use herein is a 
S stsds mm&Bm momt of a suds controlling agent ^jonsistiis^ 

(il mmi^mi^silmavm fli^id Myingf a viscQsity of from about 
cs, to about iSOO cs. at 

10 

(ii) froa abpt^t S to ^out 50 i?sHs p^r lOD parts fey ^igist of 
Ml of siXo3cans resin coisposad of (CH^) v SiOtn units aad 
SiOs units in a ratio of iCm^ SiOj/; tinlts and to 

SiOf units of f rom aixmt 0,6:1 to sbout 1,2 a / and 

ik 

ii±i) from about i to about 20 parts per loe j^arts by weiglit 
of (i) of a solid siiics gel. 

By «s\3ds suppressing momf^ is iseaht that t|:ie forftiuiator of 
m th^ cpmposmm Qm select an amount o^ this controlling 
afent tbat will control thf ^uds to the extant desired. The 
s^ou^it of suds control viil Tary «ith tbe detergent surf aotant 
saiected. For exaispla, with high sudsing surfsotants, 
relatively mor^ of the ands conttolXing agent is used to 
2S achisTO tbe dasir^d s\Jds control than with Im foaming 
sur f actctntB * 

Other Enzymes 

30 fbe detergent bosspositibhs of the lni?ention may also contain 
furtber enapses* 

l^r feKassgsle, lipase can tssefuily be added in the form of a 
solsition or a slurry of lipolytic ensysse with carrier material 
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{e*g. as in Patent Ptjbiication Ife. 258,068 (Slo^o Hordls)? 

mi 

The added amount of lipase can be chosen withiB wide limits, 
S for exsjs^le 50 to 30,000 LWg per grsm of the surfactant system 
«r of the detergent coispositlosi, ^,g. of tea at least 100 LU/g, 
very uaefully at least 5G0 LU/g, sometiises preferably above 
1000, abo%''e 2000 LU/g or above ^000 LU/g or more, thus very 
often vithin the range of 50-4000 LCf/g, and possibly within the 
10 range of 200-1000 Ltr/g, In this specification, lipase units are 
defined as they are in EP Patent Publication Mo. 258,068, 

The lippiytic mzyme cm be chosen among a wide range ol 
lipases. In p&rticuXar, the lipases described in for exniapie 

« the following patent specifications: EP latent Publioations 
Kos. 214,761 Wq^o mri^isk A/S) , 258,068, and especially 
lipases showing ismunological cross reactivity with antisera 
raised against lipase from Th&xmmyces lanugimsus ATCC 22070, 
EP Patent Fublications Hos, 205,208 and 206,390, and especially 

2S lipases showing iwonological cross-reactivity with antisera 
raised against lipase tram €hromQbacter viscostm var iipolyti- 
cm B-3673> or against lipase frois Mc&lIgBn^s P1,*-6?S, 

ATCC 31371 and FEPH-P 3783, also the lipases described in 
specifications m $7/00859 (Gist-Brocades) and £P Patent 

2S Pisblication Ko. 204,284 {Sapporo Breweries). Suitable, in 
particular, are for exajs^le the following cossaiercially 
available lipase preparations: Mpoiase* Novo J^ordisk A/S, 
teno lipases CE, P, S, AP, M-AP, mu and CES, and Heito 
lipases m~30, OF, end PL, also Esterase* m mvc Kordis): 

§SA/S), Llpoxyxu, SP225, SPasS, (all Hovo Hordisk A/s; Sr.iksr. 
lipase, Enseco lipase, Toyo Joko lipase and Diosyntb lipase 
{Trade Marks), Lui&afast* (Genencor Inc.), Lipossax* CGist- 
Brocades N.V.^ and lipases as described in m 94/03578 
(ITnilever) . 

m 


SOBSTITirrE SHEET 


so 

myl&s& can for example be mm i^en a^slred, iij an assmmt in 
the range of afootst 1 to abagt 100 KU (Siaitose Ufeits) per grsJS 
of ^fetar^mt ccasposition (or 0.014-1,4, e,g. 0.07-0,1, mu/g 
CMovO units) } . mi&tm suitatole are for exaitpXa Termsfeyr, and 
S sm (Movo r^ordisk A/S) . Celluias^ can for ^jssmple be> «sed when 
teiresS, in ai^ mm^t in the range of about 0,3 t© a»q«t 3S 
mm jmits per grais of the det^t^eiat cdsapositiois. Suitable 
celluloses are for exas^le Cfelluxisste*, and Caretjfise® (wvo 
MBDISK A/S ) , 

10 

Otlier eazjBies conteiapiat^d to ba tssed in the pro§€#. inventioij 
are dscidases arjd peroiiida^es 
F, ©th«r OptioBai CdspoMts 

1S other optiosial coiuponents for ubb in the liquisj detergents 
herein include soil removal agents, soil release polj'msrs, 
antiredeposition agents such &s tetraethylene pentaisine 
ethoxyiate (from about O.S% to 3%, preferably fro^a about 1% to 
about 3%, by weight) ^ suds reguiants, poly vinyi pyjrolidone, 

as carboxy methyl cellulose, clays, and hydrotropes such as sodiuss 
cismene sulfonate^ opacxfiera, antloKidanta, baotsricides, dyes, 
perfumes, and brighteners knovfn in the art. Such optional 
cosponents generally represent less than about IS^i, preferabay 
froia about 0.5% to 10%, isore preferably from about 1% to about 

3$ 10%> by weight of the co^^ositidn. 

The compositions saay contaxrs iroy> Q% to about 8^^ preferably 
£roT5^, to abour. by weight of a C.^-Cj^ aikenyl succinic acid 
or salt thereof. Theso materials are of the general forniuia E- 
SO CH(co:^<iCH, (CCOX) , wherein \\ is a Cu~Cu aikenyl group and each 
X i-i or a suitable cation, such as sodiisxa, potassiuja, 

ethanol ammonium) . 
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Specific ^xmplBB are smceittate {pref^rt^d) 2~ 

tetradeeesiyl ^i;ccinst«. 

The compositions h^^tn optioxjaily contais from about 0.1% to 
S about 1%, preferablli^ from about 0.2^ to about 0.6%, by weiffet 
of watsr^soltaial^ aalts; of eth^ieisedismine tftrasitthylenephos- 
phonic acid, difethyieu«triaj»iixe pentaai^tbyl^ftepBosphonic acid, 
^thmm^imxw tettaacstie acid ?pref«rredj , or di ethyl™ tri- 
aisdne pentaacetic acid (jsso^t prsferxed) to enhance clmi^g 
10 pesrfonnance wmn pratreating fabrics. 

rurtb^nmre. tfee detergeivt contpo^ittohs tm tmitain from a-3Sl 
of a bl^achij^g agent or a bieacfc precursor or a system cosfsris- 
iiig bi^a^hiivg agent and/or prepursor with activator th©refor. 

15 

Further optional iagredients ar& lather Jbpost«ta, ajiti-cor- 
rosion agent a/ spii-su^pe^idiijg agents, sequestering a^^ats, 
anti-^soil xedeposltiori agehts, &m so on. 

ae The c«ositiona harein pref erably contaijj up to about 10% of 
ethauoX, 

Other Ftcpertie^ 

2£ The instant coasposition usuaXly baa a pH. in a 10% fey wei#t 
aolution in water at 20*ty. m from abotst 7.0 to S.O, preferafeXy 
from about S,0 to about S.S. 

The ihstant coslsositions can alao haxm a Critical Micelie 
m mncmtmtioxi imct ot lesa than or equal to 200 parts per 
milXlbn {ppi&) , and an air/water Interf acial tension abox^e tbe 
CMC of less than or ecpal to 32, prefsrafeiy less than or equal 
to about 30, dynes per centimetre at 35**C in di^tillea water. 
These measureinents are desorihed in ''Heasnrement of Interfacial 
m fenalon and surface Tension - General Keview for Practical Mm*' 
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642-648 SBd 734-742, FIT iTerl^g Erast GxebeX^r. Bamst&dt, and 

A. Miller and Neogl, Chspt^^r 1, pp. 29-36 Marcel 
f Bekte, Ijic. mv! torn. 

The cosapositions of the iatrention cars fee used lor the washing 
of tesctile materials, especially, hvit without limitation cotton 
and polyester bas^cl textiles an?^ miKtures thereof. For exaitiple 

10 washing processes carried out at temperatures ot about 60~65*c 
or lower, e.g* about SO-SS^C or lower, are particularly 
suitafole. It caxi be very suitable to use the cosTipositions at a 
rate sufficient to provide about e.g. 0.4~0,8 g/1 of surfactant 
in the wasb lis^or, although it is of course possible to us« 

IS lower or higher concentrations, if desired, l?itho«t limit at ion 
it can for exast^^le be stated that a use-rate fros5 about 1 to 10 
g/l, e.g. from about 3-6 g/1, of the detergent fortaulation is 
suitable for use in the case when the forssulatiohs are substan- 
tially as in the Essaisjiies , 

In this aspect the indention is especially related to: 

a I A determent compositioti formulated as an aqueous 

detergent liquid comprising anionic surfactant, nonionic 
:£§ surfactant, humectant, organic acid, caustic alkali, with a pH 
adjusted to a value between S and 10, 

b) A detergent compositian formlated as a noft-aqtieous 

detergent liquid comprising a liquid nonionic surfactant 
3D consisting essentially of linear alkoxyiated primary alcohol, 
triacetin, sodiujs triphosphate, caustic alkali, perborate 
JKonohydrate bleach precursor, and tertiary amine bleach 
activator, with a pH adjusted to a value between about 9 and 
10. 
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c) m mizy^mtic liquid detergsBt c©5J^osit,i©n fomulat^d to 

gm a wash llm^t pE m 9 m l&m ^sb «sed at a r®*« cprr«~ 
spojsding to 0,J~0.8 g/i syrfactaat. 

S m m ^ymtic liquid mer^ent c(33??30sition foMlated to 

giire a wasfe liguor pS of 8.5 or more when usfe-^ at a rata £or£«~ 
spondisg to 0,4-0,8 q/l surf&ctatst. 

e) 1^ enspiatic liquid detessgerit composition foraalatM to 
iO give a wash ii<g«pr ionic stx;e»gth of 0.03 or Imn, e,^, D,OS or 

l©ss> wh^ii wed St ^ rate ^orresponciing to 0,4-0.8 g/l 
surfactant- 

f) WzVjRStiC X±mi& mm^t cmm>^i^m forsallated to 
IS giw a wash liquor ionic strersgth of 0,01 oir mor^, 0>02 or 

asore, whm used at a rate corresponding to 0.4-Q.8 g/l 
5urfac»t. 

It was fpund tiiat the subtiisise vsjriaTJts of the present 
20 tosntidn can also m xxs^tiiUy incorporated in detergent 
c<»ssposition In the Mom of bara, tablets, sticks and the like 
foir direct applicatioTi to faferics^ ha;rd aurfaees or auy other 
s\irface. In partlcalar. the^^? can Anddrporat^d ihto ^oap or 
soap/ayjithetic coi^ositions in bar form, wherein they exhibit a 
as r^rfeabXe ensysie stability. C^tsrg^t cdiBpositipn in the form 
of bars* tafoleits!, sticks and the lilse for direct application, 
are for essasaple described in Soisth Mrican Patent 93/?274, 
incorporated herein by referenda. 

fccordingly^ the preferred bars in accordance with this 
im?entioK cmprxBs, in ^dditipn to the sisbtiiase t^arxantJ 
i} 25 td S0%, isoat preferably 25 to 70%, by weight of 

detergent active which is soap or a mixture of soap sjsd 
synthetic detergent active, reckoned as anhySroiJS? 
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iil 0 tp m % M3st |3re£eral?ly. 10 to 30% tey visigfet ®f 

water; 

iilj 0 to 35% and, m&t w^iBmbly, oa to 30% fc^ weight 

In genersi, the amouut of subtilase variant to be xnclu^fed in 
such compositions of the xmmdm is such that it corresponds 
Mith a proteolytic activity 6f 0.1 t6 100 GU/mg basM on the 
ecauposittioti. pm^^my 0>S to SOGJj/jsg, isost jpref irately l.O to 
10 IP mMg, mmt^ QWmg as m<^xm mit per jsilligr^. 

PRODUCING TOATimS IN SUBTIIASE OENSS 
Many methods for introducing lautationa into gen«s are well 
IS knQ-wn in the &rt. After a brief discussion of cloning sxjbtilase 
genes, methods for generating mtstions in both random sites> 
and specific sites, within the stibtiXase gene will be 
discussed, 

20 gl^NG . A...SUBTILASS Qms 

the gene encoding a s«±)tilase saay be cloned from any of the 
organisms indicated in Tabie X, especially gram-positive 
bactex'ia or fungus by various methods ^ well known in the art. 
First a genome, and/or cDm library of tm mx&t be constructed 

2$ using chromosotaal Dm or messenger mm. frosn the organism that 
produces the sisbtilase to foe studied. Then, if the a^ino-acio 
sequence of the subtil ase is icnown, homologous, labelled 
oi Igonucieotide probes Siay be Si<nthesiEed and used to identify 
sab-^:i'.5;ia~encod5.ng clones from a genojaic library of bacterial 

30 DNA, or froK a cDH^k library. Alternatively, a labelled 
oligonjc^eccide probe containing sequences homologons to 
ssubtil^ise rrrrr^ another strain of bacteria or organism could foe 
useo a,T a prob« to identify stibtilase-encoding clones, using 
hybridisation and washing conditions of lower stringency. 
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¥et another M^tum $ar itotifyi«g sijfetila^e-jjroductrtg cXms 
Mould invol%?e iiisertlng fragments of generic; into an 

expression vecto, sucfe as a piasmid. transforming protease- 
negative bact«ri^ with ths restiltisg genomic » library, 
i thm plating the transformed laaoteria oht6 a§ar containing a 
stibstmte for staisttilas^, sudh as skim jsiik. Those t>s.ct«ria 
contaiuinf siibtilase-bearing plasjsid will produce coldnies 
surrdunded by a halo of cl«ar agar, due to digestion of tl^e 
skim Mlk hy excreted subtilase. 

m 

mrnmim of mmm ^mimB.JK^,.^Mmm^ 

Once tU« stOstliase gene hss h^m cloned into a suita&io \»ector, 
such m a plasmld, several methods cm be used to istrodace 
raisdcin mtitations into the gene . 

If 

Ojse mtbod wotjld be tb ineorisprate the cioned siibtiiase gene, 
as; part of a retrievable vector, into a tetatdr strain of 

28 lyaother method would involve generating a single stranded fon^i 
of the si3btilase gene, and then anneaXing the frapaent of « 
containing the subtllas^ gene vfitb aiiother » tx&gmmt such 
that a portion of the sahtilase gene ^remained single stranded, 
this discrete, single stranded region could then be exposed to 

2S: any W a nsMjer bf mtagehizing Agents, including, but not 
limited to, sodiura bisulfite, hydroxy lasftlne> nittoiis acid, 
formic acid, or hydralazine, A specific exaaiple of this method 
for generating mndow imitations is described by Shortle and 
J»?athans am, Pmc^ Matl. Mmd. Sc±. t?.5.A>,m ^Vl 0-^2174) . 

W KcmMinq to the shortle and Nathans ssethgd, the plasmid 
bearing the subtilase gene would be nicked by a restriction 
fhzptie that cleaw mthin the gene, fhis nick would be widened 
into a fv^p using the exon'uc lease action of Dm polymerase I, 
The resulting singie-stranded gap could then be siutagenised 

3§ using any: one of the ^bove ssentloned issutsgenising agents. 
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Alternatively, the subtilisin gene from a Bacillus species 
including the natural protsoter and other control seqiseaces 
could be cloned itJto a plasmid vector cor.taining replicons for 
Sbcth E, coli and suijtilis, a selectable phenotypic laarker 
and the M13 origin of replication for production of single- 
stranded plasmid mA upon superinfection with helper phage IRl. 
Singie-stranded plasiaid Dm containing the cloned subtiiisin 
gene is isolated and annealed with a mA fragment containing 

10 vector sequences but not the coding region of subtiiisin, 
resulting in a gapped duplex itiolecule. Mutations are introduced 
into the subtilisin gene either with sodium bisulfite, nitrous 
acid or forjsic acid or by replication in a mutator strain of 
coU as described above. Since sodiuja bisulfite reacts 

IS exclusively with cytosine in a single- stranded t}m, the 
mutations created with this lautagen are restricted only to the 
coding regions, Reaction time and bisulfite concentration are 
%raried in different experisjents such that froxa one to fit^e 
mutations are created per si^tilisin gene on average. 

m incubation of 10 mg of gapped duplex 0HA in 4 M Na-foisulfite, 
pH, 6.0, for 9 minutes at 37*0 in a reaction volume of 400 nl, 
deaminates about 1% of cytosines in the single- stranded region. 
The coding region of saature sufetilisin contains about 200 
cytosines, depending on the im strand, Mvantageousiy, the 
^ reaction titne is varied from about 4 xsinutes fto produce a 
mntation frequency of about one in 200) to about 20 isinutes 
Cafobut S in 2QQ) , 

mux: mutagenesis the gapped HioXecules are treated in vitro 
m with polyraera^e I {Klenow fragnientj to make fully double- 
stranded inoi^cuies and fix the matatibn$> Cdmpetent cdli are 
then transformed with the mutageniaed vm to produce an 
amplified library of mutant sufctilisins. iLmplifxed jsutant 
libraries: can also be made by gro^^ihg the piasmid Bm in a Hut 


51 

© Btr^ixx of coii whicJi increases the xaTig© of »utaticsiis du© 
to its exTOt pmm um polym^raBm. 

the wtagms nx%km& mm atid fsn&ic acid may also be nssd to 
S piroduce isjutant libraries « Bseaisse tfeese cliajaicaXs are not as 
specific for singies-stranded MA as sodxusr, Msuifite, tjas 
siutagenesis s?e^ctions are perfo« aemrding to the fQllowitj^ 
proessfcre, Ifee coding portion; of the subtilifein gsne Is cloned 
in H13 phage by standard methods and singly stranded phs^e Dm 

18 prepared- The slngle-straaded Dm is then reacted with 1 M 
nitrous acid pi, 4*3 for 25~«a siintites ft 2Tc m 2.4 U iomic 
acid for 1-5 minutes at 23*0, 1?he:se ranges of reaction times 
pxpmm a MxtB^im ir^quency of from 1 in imo to S in IQOO, 
Mtm^ mtagenesis, a universal primer is anneaied to the MX3 

IS tm and dtjpieK m is spithesiKed using the mtagmiz^d single- 
stranded mA m s teK^late so that the coding portion ©f the 
stsbtiiisirx gene beeoiaes fully dpis^le-stranded, MX. this paint 
the coding region can be cut out of the Ml 3 vedtor with 
restriction enzymes and lighted into an ms-mitagenised 
expression vector mo that laiatatiojs^ occur oniy in the 
restrictiDn frsgasent. (Myesrs &t al., 3i?ienc© 220 242-257 

2S Once the: subtilaae gene has beers cloned, and desiratele sites 
for jiiutation identified and the residue to substitute: for the 
origisai ones have feeen decided, these jsutations can be 
introdsjced using synthetic oligonucleotides, m&se oligonucleo- 
tides coxitain ntscieotide sequences flanking the desired 

36 mt&tion site^^ smtant husleofeides are inserted dissring oiigo- 
nucleotide synthesis, in a preferred Betted^ a single stranded 
gap of bridging the sufetilase gene, is created in a vector 
bearing the snbtilase gene. Then the synthetic nmcieotide, 
bearing the desired ssutation, is annealed to a homologous 

3S portion of the sing le»stranded fhe reiaeining gap is then 
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filled in fey tm poiymsrsse 2 (Kisaow frag^fel and tlJ^ 
construct is iigated using T4 llgase. h specific «xsi8pXs <sf 
tfeis sftethoa is described in Mojrin&ga asS4, iioteclj- 

nology 2 64e~S39K teordissg to Moriisaga ai., a fragment; 
S within the gene is xmmm usin*? restrictidB eBdoauclesse. The 
'smctor/gene, m Mtainiis^ a 0a|3> ia Umn toatared and 
Ijytorisaixed to a vector/gerife which, ihste^d coiStsiTiing a fap, 
has Mm csieawd witM another jr^striction ^ndonticiease at a 
site outside tM ^tea involved in th^ q^p. $ sirsgle-strssidea 

10 region the g«ne la then svailable fot hyJ>ridis:ation with 
isSit^ted oligonucl^Dtide^> th« semaining gap is filled in hy the 
Klenow fragjnent of DMA pdiy&^rase I. the insertions are li§at«d 
with tmh ligase, and, after one cycle of i:eplicati<5nr a 
ds5»ble~atranpd piasmid bearing the desired imtation is 

npmmced. the Morihaga i^thod obviates the additional 
mnipulation of constructing new restricticin sites, and 
therefore facilitates the generation of mutations at aiultiple 
sites, U.S. Reissue Patent nujsb^r 34,606 by EsteXl et 
issued May 10, 1994, is able to introduce oligonucleotides 
m^ti:plB mm&tXQns by perforiaing jsinor alterations of 
the cassette* howev^:^, an ^e?j cfreater variety of stations can 
be introdnced at any one tiste by the Horina^a mthod, teecaijse a 
multitude o£ oligonucleotides, of various langths; caR be 
introdiiced, 

MSggss^o^ OF stmumB mmmB 

According to tm invention, ^ mt&t&d s^jfotilase gene produced 
by methods described^ above, or any: alternative Btethodg kncmi in 
the art* can be expressedy in enzyi&e fdm, using an esspressicn 

30 vector, exp^esaioh vector generally falls under the 

definition of a cloning vector, since an expression vector 
uauaily includes the components of a typical cloning vactdr, 
naxsely, ^n element that permits autonomous repiicatipn of the 
vector: in a iRicroorganisfii independent of the genome of the 

:3S moroorganisss, and one or rsjore phenotypic markers for selection 
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purposes, ito expression vector includes control sequences 
encodxBg a promoter, operator, ribosome blading site* trans- 
iation initiation signal, and, optionally, a repressor gerie or 
various activator genes, to permit the secretion of the 
S pressed protein, nucleotides encoding s ''signal sequence" 
be inserted prior to the coding sequence of the gene, for ex- 
pression under the direction of control sequences r a target 
gene to be treated according to the invention is operabiy 
linked to; the control sec^eaces in the proper reading f raise, 

10 Proxnoter sequences thst can toe incorporated into plasiaid vec- 
tors, and which can support the transcription of the jrAJtant 
subtiiase gene* include but are not limited to the prokaryotic 
lactamase promoter C^illa-Kairiarof f , m s^. (1979) Proc, mtl. 
Head. Sci. U.S.A. 75 3727-3731) and the tac proiaoter {DeSoer, 

IS efc ai. fl983) Proc, Matl. head, Sci. ILS,A, 80 21-2S) . Further 
references c®n also be found In ''Useful proteins itom recombi- 
nant bacteria*" in Scientific American {1980) 242 74-94. 

According to one esabodixaent B, subtilis is transiorjsea by an 
20 expression vector carrying the i&utated DH?i, If express lor is to 

take place in a secreting issicroorganism such as B. sx2btllis a 

signal sequence stay follow the tran^slation initiation signa.! 

and precede the Dm sequence of interest. The signal sequence 

acts to transport the esspression product to the cell i*fall where 
2§ it is cleaved £xm the product upon secretion. The terns 

"control setTuences" as defined above is intended to include a 

signal seqijence, when it is present. 

Other host systetas known to the skilled person ars also 
30 contemplated for the expression and production or r.ha proreasf. 
variants of the invention. Such host systews comprise iur.gl, 
including filamentous fungi ^ plant, avian and xsaismalian cells, 
as well as others. 
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S B, s^sbtiUs $m and 147 are variants of Baciliy^ ienta^, 
deposited WitJi the NCiB ahcl accorded the ac^essioji Rtmbers MCXB 
and 10147, and described xn XJS meivt: fe, 3v723,2S0 
inGorporat^d by refer^nca teein. 

WE- c&M m 1000 (H,a. Gasadaban and Csto (1980); J, Mol. 

is alao d^scj^ifoed in 0S FsLtent ^^licatiaii Serial i^^o. 033, 29®. 

frot^dlytic I^ti^m 

IS Xb the context of this invention proteolytic activity is 
exprassfed in Kilo m\V Protease WAts mW) . The activity is 
determined ralatively to an enzyme standard fSAVXHASBO) , and 
the determination is based m the digastion of a diasethyl 
casein imc) soXutioTs toy the proteolytic ^m^e at standard 

20 conditions, i.a. SO*C, pH 8.3, 9 jfein. reaction tisae, 3 min. 
measuring time, A folder AF 220/1 is available upon request to 
Hove Kordisk A/S, Dasanark, whioh folder is hereby ificluded by 
ralerence. 

2$ A <m is a Glycine qnit, defined as tha proteolytic: enzyme 
activity Which, mdar standard condition?, dtirisjg a IS-minutes' 
incwl^atipB at 40 deg C, ^ith M-acetyl casein as substrate, 
ptodiacas ah. ajspuht of mii^qtom eguiyaXent to 1 Wioie of 
glycine. 

m 

mz^ activity can also be inaasured using the Wh assay, 
sccorslihg tc reaction mtb the sdiiabXe substrate stsccinyl- 
alanitie-alanine-^proline-^phenyl-^^^^ which 
is described iij the CToumal of i^erican Oil Ghexuists Society, 
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For the generation of enzyme variants according to the 
invention the same materials and methods as described iti i.a. 
m 89/0SS7$ movo Nordiak A/S), EP 130,756 (Genentech) , EP 

10 479,870 liaovo Hordlsk A/S) , EP 214, 435 (Hankel), WO S7/04.161 
{itogej^h SfO 87/05050 (Genex) , EP applicatiori no, 87303761 
{Gerisntech) , 260,105 (Genencor) . MO 88/0662-3 (Gist-Erocsdss 
m), m 88/07578 (Genentech), ?^^0 88/08028 (Genex) , 5^0 SS/0S033 
{^^gen)^ WO 88/08X64 {Genex) , Thonaa at &1, {1985? A'ature, 318 

IS 375-376; Thomas et ai. fl987) J, jijoi. BioJ.,, 803-813; 
Kuasel and Fersht {1SS7) ^/ature 328 Other methods wsii 

establisbed in the art may also be used. 


A vector suited to a synthetic gens> coding tor subtxiaso 
and 3.ts mutaiJts was constJ^ucted. It is essentially a x>iTrvfi 

as plaamxd [Yanish-Perron and Messing (1B85) Gene; 33 103-:i9 , 
whach the mult-pie clo'^iftr s-te has be-t-n . ^ir-^^x 

contsxnina thu restrictior sites used to sf*pat<;.te b-r- 
fraga^ents constituting the gene. Tne new linker was inserter 
ixitn EcoKl - Hmdlll cut pl?c:& thereby oestroymg thf^e bi'^^- 

30 fbe detai^.s of this construction ase described u~ 

cn 25-26 and xn fxgute 1 (sneets 1/1-1/1) *->eroo. tr 

content ot whirh is hereby included by reference- 

Each stJbfragiaent was juade tx:om 6 to 12 oligonucleotides. The 
^ oliganucleotides were synthesised orj an autojn^j^.-: c DN,-. 
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spsthesizer using phosphor amidits chemistry ob a controlled 

S th^ tim m>£mmm-B were isolated: on a 21 agssrose gel ^nd 
ixxssrted into pSXlSl. The B&m^^ was verified by dideoxynu- 
cieotide s«auetjclng. Fra^sRents A-E w^re isoiated md iigated 
toget:her KpnX-hmMl cut pSMSX. the ligation mijctitres kern 

vmd to transfons coTspetent E coii mimQ x',^ selectij^ foir 

Wmmmim resistanjje. The 850 bp Kpni^Bas^l fsragjnent that 
oonstitutes the part of the s^iUsin 30S ge^g codinf for the 
mature part of the esiz^^tse was thsi^ U3«d to replace the wiid 
t5?Fe gem on pgX2I2 gxi?ing rise to psmm, which was thsn 
transf&na«d ixito s csKs^etent stibtiMs strain. Mtsr 

IS fensehtatioh of the transfonasd strain aad purif ioatibr^ of the 
mzymB it was shown that ths product was indistinguishabie from 
tm Wild type product . 

JProtease variants derived trm the synthetic: gem are made fey 
20 nBiiig oiigpiweXeotidss with altered Be<pence: at the place (s) 
%«here «atior) is wanted (^.cf, with saqneisces as given below) 
and mixing th^m with the rest of the dii^nucledtides sppyop^^i- 
ate to the synthetic gene, iisssjably of the variant is 
carried out with the variant mteriais in a jsaimer otherwise 
I^S anaiogotss to that described; aboi^e. Furthfer issforsjation on syn- 
tlietic genes generally is avaiiabie in Agarxml et &1 H^Wli 

Kpnl site was introduced iijto tfee fos^ihning of the si^stilase 
3^ synthetic gene encoding th& suture part of the enz^e, the 
method used is called oligonucleotide directed dotible-strand 
break repair MStagehesis and is described by Mandecki mm) 
Proa. Mcsii, Sci. USa 83 ?177<-718X, pSXm is op®m^ with 

Hcol at; the toeginning of the mature part of the stjibtilase 30^^ 
3S g^ne and is mixed with the oligonucleotide m% IBS (see m 
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92/19729) , hesM to wm, cooi«d to O^E, and transformed into 
cpli, Att& r^trss^sfonsstioii, *^co5sbinants can be 

screessed fey eolorsy hybridisation asiag 3 lafeel led l:IOK "789, 
The XBC<M>in&nts that turned out to positive during the 
S scr«®ning th-e Kpnl site ihtroduced riffet in fratst of Mc&X 
foy ckatiging t^^o bas^s withdtst changing the assiao acid seqisence, 
pSK172 i« described in m Patent Publicatidii Ho. 405 901. Ttee 
Kpnl sit^; 36 c!r^a::ted 1^ iris«irted inta pSXlSp on a 
mi-JmeX fragns«nt, ^ivincf rise to psxai2;> p$X120 is also 
10 deacrihed in EF Patent Pvfeiication Ko< 405 901. 

synth«tie gBm iz inserted between Kpnl end BajJiBI on 
|jSX212> giving riae to pS3ca:^£, 

IS EXampias of SRUtations and correspondinf sequences of oli<gonB- 
ciecs tides are as follows; 


;RX70L (fragiuent m) 

mTTCAGGrGCAGGCTavVro\GCTATCCGGC-3"TCT?vT - 3^ 

n i u n M M i n n i M ! n i i ! n n i*n M 

as R1701 {fragjaent m) 

M,TTCAGGTGCAGGCTCAATCAGCTATCCGGCGATCTA':- ■■ r 

i u n n II M n n li M ! n i I n M !**M i 

5'- GTCCI^CGTCCGJ\GtmGTCC^TAGGCCGCTAG*VrACGCTT3 -B' 
SM; i t zammt Ml ) 

S' - JVGCTTTGTACCAGG3GAACCGCCGACTCAAGATGGG - 3' 

M n M n ! n M i ! n * i H 1 ! M n M M ! 
3S 3' ~ JUICATGGTCCCCTTGGC03CTGAGTTCTACCCTTACCC - S' 

Th«se oligonucleotides were cojsbined with the rest of the 
oligonucleotides frojs the synthetic gene that was not chanq&d. 
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l>arif icatioR of Enasyme yariastg ; 
§ mis mm^mm r&lates to purification of e 10 litjre scale 
tera^tation oi th^ SiibUiislsi 147 ^issyine, tl^e SubtilisiTi 3D& 
srtsyme or sautants thereof. 

^proximateiy 8 litres of fermentation broth were centrifuged 
1& at SOOO rpsa for 35 siin'utss in i litre beakers, the supernatants 
were adjusted to pH 6,5 using 10% acetic acid and filtered on 
Seitz Supm SlOQ filter piates- 

fh^ filtrates vrere coaceatrated to approxisiately 400 ml nsing 
1S an JVmicon CH2A VT un.it equipped with an toicors SIYIO UF 
cartridge. The tJF concentrate was canferifuged and filtered 
prior to absojrption at roosi tes^erature or, a Bacitracin af- 
finity colusm at pK ?, The protease was eXutad from the 
Bacitracin coiuj»:s at rocss teiaperature using 25% 2-prDpanoI and 
m I M sodiUKt chloride ixi a buffer solution with 0,01 dxmethyl- 
gititaric acid. 0,1 M boric acid and 0.602 M calcium chloride 
adjusted to pH 7. 

the fractions with protease activity from the Bacitracin 
2$ purification step were coJTsbined and applied to a 750 ml 
Sephadex G25 colismn (5 cm dla,} eqi^ilibrated with a buffer 
coiitslr-ing 0,01 diatethyiglutaric acid,. 0.2 M boric acid and 
0v002 m calciijffi chloride adjusted to pK 6,5. 

30 Fractions with proteolytic activity fro;u the Sephadex 025 
colujrj;^ v/ere combined and appli.«?d to a 150 i-il CH Sspha.rose CL SB 
cation exchange colusin (5 an dis.) eguillbrated with a buffer 
containing O.Ql H di^nethylglutaric acid, 0.2 H boric acid, and 
O.ooa M calciurR dliloride adjusted to pH 6.5. 
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•me prot&^s^ ms elwt«d nsim s linear gradient sf o--0a M 
soaiism cJlloridfi in a Xltres of the sm^ bnftm (0-0,2 53 sodium 
e^aps-ide in case of Sutotilisin 147) . 

§ m a Sinai purification step protease containing fractions fOT 
tfee Sepharose coluim were cossbiijed and conceatrated iB aa 
«coft tiltraf titration cell espipped with a SR8IPP meiPj>ra«e 
{frosi the Danish Siigar Factories Inc. } , 

ID By usipg the techniques of Example I for the const tsictioiJ ar.d 
the afoovs: Isolation procedure tl^^ following subtiiisin 309 
variants were produced and isoiatedt 
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Statoility in Detergent Composi tions Comprising Enzyme Variants 

m {isotTispm aguepus detergeiit liquid according to an ^jEbodi- 
metit of fche invention is f^ialated to coiitaini 








MIS 25-3S 

14 . 0 

N@Ci trate , 2HjO 

5.0 


5.0 




D ,15 


0 i 03 


0 , 0003 



Acid Violet 4 8 



0.25 


0.70 

Fr&granee 


Wat«r 

m ioo.a 


1?he pH ife ^{^listed to 7.1. 


5 Table III . 

Residual sns^e activity {in percentage of original activity) 
a£t«r storage at 37*C for Exai&pie Di comprising ths BL$3G0 
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Storage time (days) Wild-type SS^P^RllOirf-l^lSS 


s 100 ioq 

3 44 74 

7 II 50 

S 10 S 36 

1« -? 27 


fSrom tabis III it is evxiMnt tijsfe tfe^ variatit SS:7P4ri 701^1^21 8s 
Exhibits a resaj^kabiy iiaprpvsd st^illty in this typfe of 
i©deter^^nt> $toreTOr, tiie variaist S5?Ff:Rl701^H2l$S possesses 
eKceXl^nt coinpatibilit^^? towards iipasfe. 

Table I¥v 

i^«5lslual lipase activity (la |s^rcetit^# <sf sriginai activxty) 
IS after storage at 37*C for Exajapie Pl comprising the BI,S309 

Storage time (days) 


0 100 l&Q 

3 38 67 

10 22 33 

2S 14 21 27 


Fro«t the above Table IV it is apparent that, in addition to the 
stability of th« protease, the cos$satifaility of the protease is 
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A non~aguepus detergent acqordiiig to &n #iabo4ims?jt of 

the isweiition is foxxsulated tisi?ig 38,Sf ei3"CiS liaeaiJ primar;^ 
S ssXcofeol aXteylated witli 4.9 mol/ssoi ethylene oxide and 2,7 
mil/moX pmpYleri^ mHm M triacetin, 3G% sodiim triphosphate, 
4% soda ash, IS* Si sdditsti perJsorate aonofeydrate containing a 
minoir proportion of pjiofoorste, 41 0.25% mm. of which 

0.1% as phosphofiic acid, terosil 0.6%, SGHp 11, sn<S 0,6% 
10 protease. The pH is adipsted to ^ mlue b&tvteen 9 and 10, §.g, 
about 9iS. 

Structured liquid deterg^ts can for exassple contain, in 
15 addition to a prot^as^ as described ii&rein^ arlS% isonionic 
surfastani, &-m total surfactasrit, cotnprisinf noniohic and 
optionally anionic surfactant, 5-33% phosphat®~eontaining or 
npn-^phosphat^ coatainitig: builder ^ 0,2^0.8^ polymric thiekeher, 
a^g, fcross-liBHed acrylic polymer witb ovet 10% at IMst 

20 10% sodim silicate, at n&utral waterglass, alkali (e,g. 

potassitjjn-containixig alJt&ii) fco adjust to dssired pE, 
preferably i« the raJ5ge or tipwardS:, e-g. afoova pE 11, ^ith 

a ratio sodiiM cation j aiiieata &nion jas free silica) {by 
^^eightl le^s than 0.7:1 * aud viscosit^y of 0,S-30 Fas {at 20*C 
2§ and 20*-') . 

Suitatole examples contain about M nonionic surfactant ei3~lS 
alci^l alMoae^^latad with about 5 EO groups per jj?ole aniS ^ith 
abotjt 2>7 FO groups per mola, 15-23% nautral watergl ass with 
36 a, S >^ei#jt ratio between sliioa and sodimt CKid^, i3-191 KOK, 
8»23% sm, 0-111 sodim earfeonate, D.S% Carbopol Ml (mU 

frotease may foa inccrporatgid at for ejcample 0,S%. 
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$ StteiOxylafced mcohoi.7E0 (SFsperonic A?) 4.5 

Etftoxylat«d mom ^ 3H6 CSj^ejrcmic ^3) 4 . S 


IS 

Fluprescer f inopaX CfeS-X 



1 

t& Citric &cM 

8.23 

Mtipom siiico?^e PBiOD 

0,3 





l?ater to 

IQO 

It 




E^^itol enzyme activity (in per 

centage of original activity) 

after starsast ist ii^r fer' 

.pie y« coj^risxrsg tne R170i.< 

variant of BLS309. 


20 



??il<i-tvpB 


100 

2 m 

73; 

4 M 



m 

33 07 

8 

SI 7S 


101 71 

0 

30 rrom Table ¥ it is wictent thst 

th& R170L variant exhibits a 

r«markabiy improved stability in tiiis typ« of dsterg«. 


71 



me 

WT 

HI7QH 



0 

100 

aoo 

100 



78 

9? 



58 

S3 

95 

6S 


40 

3^ 

87 

S5 


It^ 

27 

75 

29 


12 

22 

73 

24 


8 

IS? 

77 

17 

14 

a 

11 

S2 

4: 


;^.proved stability in comparison to the wild type enzyme 
tliis type of deterg^st 
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imc&upXim polymnt UquidI 
PriDlene 6907 

mm Id 

S Ethox^flated MG6hal:7E0 (SynperoMc i%.7j 4,5 

EtBoxyiated Mcohol.SEO {SynpsTOC A3) 4.5 

Eeolite m IS 

Flwrescer Tinopai CBS^K 0,08 

iO Citric ^ciid g^23 

Jtotifoaia silicone DBIOO 03 

m acid 16.5 

IS Water to jOO 


Eesitel «nxysR& activity rin percentage of original activity) 
after st&T^qe at 37»C for Escainple US cossprising tte B3uS3aS 

2e variant $5i^mnmMim, 


Sfcorag® Msiduai protease ResiOusl lipase 

time activity acti^tF 

^ S 100 100 100 IDO 

a - 2? 41 $4 

S |7 9 15 76 

S 87 4 7 71 

12 n 2.4 12 78 

30 28 100 2.4 12 70 


Frosi fsble VII it is widest that the variasit SS7P4-R170l+N21§S 
eKSibits a ressiarkablj? is^roved stability' in this t^^pe 
detergent. Moreover the 'Variant S57F^M7OL4-N2l0f possesses 
SS axcellsftt Gosipatifoility towaaxis lipase. 
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So^ fears mxB p^i^dmmd aont&feing Ht. 80/20 tallow 

S /coconut soap, 49.0% Water, 201 solium citrate, 1.0% citrit- 
acid ansi 0«G3i% protease. Mter prsparation of the soap bars 
tfe^y w^re atored at Biableiit ter^ffature aiid after specific tiisa 
intervals smpl&s vre^re taken ajKi iseasured for protease 
activity, fhe stabiXity data are foelowj 

IS 


fable Vila 


Storage 
faays) 


WT 


Rl?0L4H2iaStS57P 



ICQ 

;10D 

100 

100 


SO 

ICC 


S4 


25 

91 

100 

S3 



100 

m 

80 



?8 

89 

90 

10 

0 

100 

94 

7 a 

17 


S3 

60 


27 


95 

B€ 



Fror-^ the a:x-v« Tab';.^.- Is evident that tiie stifotilasa variants 
R170L, RllOL-^miBS^SSl? and R170L4.yi67i ejshifoit a retaarkably 
1§ improved iSt&bility in thia type of detergent > 


Exajaple D7: 

Soap bars vs>re proouced containing 63.88% 80/20 tallow/coconut 
soap, 1^. aoconuc fatty acid, 25.1% water, 10% sodium citrate 
20 and 0.021% protease. Ihe laundry soap fears were stored at 37 *e 
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« amr mcMic int«n?sis sables w«r« taj^en aisd 

measjared for protease activity. 


Table IX, Stability data^; 


Storage 
{days) 




0 

100 

100 

10 

3 0 


14 


ei.s 

20 

0 

91 . 4 

31 


72.8 

35 


79 

45 


70 


s 


Frcaa the above Table it is evident tbv«it. the subtilsse variant 
R170L+J?218S-i-SS7F exhibits a r^arkabiy improved stability in 
this type of detergent. 


me foilomn^ exassples pirovid^ results mm a nipteey of washing 
tests tMt ware conducted under the conditions indicated 


SUBSTITUTE SHSe 


Table X; Experisaentai conditions tor evaluatior, of Sufotxiasin 
309 variaiits. 



Protease laodel deterw-t ' 95 



PK 


Wash time 

IS mm> 






Subtilism 309 vari&nts listea foe:o>- 

Ensyia«> cone. 

0; 0,1, 0.2, 0,3, 0,4, 0.5, i.O, 2.0, 3,0 


l^a boakcrcs with a stirring rod. 


b cloths 'C 5 cn> / 50 jsd Detergent 

solistion. 

01 -^t^ 



Th- most chai<aCLes^ti l-^ture- «r ^T"' - -i c 

builder and the contc"" ci.iouic '-"sii^ >L^ ^a-tt h^o. 

Further the pH a'l- ^stf^o to ^.S, wLxci jak i^i a r'^^eex 
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the composition of ttx® mod^X detergent is as follower 


25 % 


25 % 


S 16 % 


m % 

MS imma BOS) 

5 1 


5 % 




ts S,S % 

water 


dose; 3 q/l 

pH is adjusted t© 9,5 

IS Measurmst of Mission {I?) on thfe test mterial has been doae 
at 460 m using aB Eireipho iOQO pfcotoiaster (withbitt XN) . l-he 
mBmm:^€ Values h^B been f itted to the m^^BBimi 

as The itnproyeiaent factor is calculated by use of the initial 
slope of the curvet iF - ™ 

m is the wash efSeGt of: tha ©nzyjae iii rersission units. 
M is the initial Blppe of the fitted mm^ (o^G) . 
is the initial slope for the reference ensysia, 
M c is the enayrae concentration in mg/l 

1^ ia the theoretical iaa^^inK^ w®ah effect of the enxv^e in 
remission uhita (ciPr) , 


syBSTrrixTiSHEe 
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Table XII: Variants and improvestent factors for Suhtiiisin 309, 



Variant 



R17GY 

2.6 

S0D4"' 


2 , 6 

S0X2* 

R110Y G13SE + KZSiE 



E170F 


E 

R170L 

3.8 

r 


2.4 

D 

K170I 

4.1 

a 

S57P + R170L 

3.r* 

J 

R170L -i- N218S 

1.6 

K 

SS7P + E170L miBS 

2.3 

N 

^imi 4 R170L 

6.2 

V 

+ Q206E 

2.6 

¥ 

R170G 

2,0 

IS 

R170C 

3.4 

0 


2,9 

Q 

yio7l R170L -i- 0^06?.. 

2 . 4 

E 

Y167I t R170L ^ 

5.. 

X 

Y171I 

1,2 


Y167I + R1'?0L i nriB'S 






a A.=-- It ran be seen trosa Table XII aXi une Subriiisir. 309 
variants, of the invention exhibits an ixaprovement ir; wash 
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Table XIJl: Variants and improveas«nt. factors tot Sufotillsin 309 
in s detergent as dsscritoed in Example D4 


Dss Icssiation 

Variant 



Ri70Y 


F 

EHOH 

1 ,2 

0 

S57P + K170L 4 a206E 

5,0 

X 

yi7ii 

4,2 

R 

Y1671 4 RI70L 

; ,? 

f 

Y167I + E170L t a:? 94? ^ N21SS 

2 , 0 

r 

Y167X E170L + miBB 

2.3 


*X}escribed in MO 91/00348 
As it can foe seen tzom Table XIXI ail the Stifotilisin 309 
variants of the invention exhibits an i^to^ement in wash 
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U A subfeilase im^imt iimm mrovm storage stafeiXit^f 

and/or mpr&^Bd performance in dettergfenfes, wheirein on« or stor« 

$ m&im mm residues situated in, or iu the vicinity of a 
hjroarophobic domih of the parent swfetilase ha5?e been 
stifostituted for an: amino acid resis^ue snore hydtophobic t&aa tfee 
<53?igin&:I resi?hje, said hydrc^bic domain cojs^risittg the 
r«sida^s ^rt^^pormm to residues P131, im, YWl 

IS of M,S3G0 m mSBW mmtoeringb: « ^aid residues in the 
Vicinity thereof compriB^z residues corr^spondisi^ to the 
residii&s E136, m&B, $16% R17G, and o£ {ii. 

mBBPn OTberiJJtg) f «^it^ the exc^tioii 6f tise EllOI and 

Ei?OV va?:iants of OTPSS and the M70Y variant of 

IS 

2, the yariant of claim 1, wherein saici variant exhibits 
mtamdi stability in liquid detergents, 

3. i?he variant of claim I, Vfbetein said variant exhibits 
SO istiproved stabiiity in deteMents in shaped solid form, 

"^he variant of claim X, whereisj mm vairiant exhibits 
improved yash ^^t£oxmmm> 

2S The variant of any of the claims 1 to 4, where ii5 the 

original amino acid residue has been stibstitnted for any other 
residue which increase the hydrophobicity of the original 
residue, where the substituted residue preferably is a residue 
selected from the group coiuprising Val {V}, He (I), Leu (Lj , 

30 Met m)s Phe m> Pro and f especially Val, lie or 

Leu, 

6, the variant of any of the claims 1 to 5> **herein the 

parent suhtilase is chosen from the sub-group I-Sl. 

3S 
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7, The varisjit of ci&im wh^reirt ths paa^ent siibtilase 

i$ chosen tpm the gmm uprising msmm, msBm. mwt, mm 


S S. Tb^ ^riant of an^ of ths claims 1 ta wJ>erei^i t>s« 

parent atjfetiiase is- chosen mm tbe stib-^roup 

S. Th^ wriast of claim a, Whsreiu the pssent s«xias6 
is: chossa fsrom tfee group cojtjprising BLSKl, 

10. fhe i^srisKl: of: claim 8, wijerein the parent subtUsse 
is 


IS ii. the wriaint of any of cilams 1 to 10, vifasrein said 

»^t:itut4oisCs) is/are cosibined with s\ifostitutiQns> insertions 
or d«i«txoiis isi any otiier pasitipn, 

12, fiie wiaat of claim 1X> wheMih said 
m stifestitutioft(s) is/are coafcijieci with sxjbatitistiojsa, insertions 

or deletions in any of the positions 36* 222> 2l^> 76, 

13. fhe VMiant of any of cikiias I to 12, hBitig ^ of 
tke following; 

as 

tXaW, Ti29I>, fl2^, tl2Sr 
M291, M2Sr 

Qi3X¥, 0131 X, S131X,,: S13aH, mSlF 

K136\r, K136I, Kim. K13a^, 

30 Sl», SISSI, SlSSL, SlSm, S1S9F^ 

Ti6W, fl«41, nf4L, fism, T164F, 

K1?0¥, K170I> KlIDM, KlTOF, 

S136^% Qi36l. OlSeL, Ql3^m, 0136F, 

tlW, TISPI, fl59L, tlSmr 3?1S0F, 

3§ AlMh, AlSiF, 
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MlOVf Yiim, YllQh, Yi70F, 

Yi7m. Yi7iH> tX7m, rm, WriQ. mw, 

miQ, ^nm» rrrix, mm 

jmw, nni, yitil, mm, yiixw 

§ mm si94i. BiM, Bimi, sism 

Iil3€^, E136I, mm. Ei36r, 

mm, Gisn, sim, Qi^m, Q^sm, 
mm ^mx, oi64l, mm, m.mr 

S164¥> S1€4I>: S1€4M> S164F, 

IS yl67A^ X^X67H, Tl6lHf TlSTPj, yi67e, 

tis7Q> Yim, nm, 

Ti67V, Y167X, T167I,, fl67M:, Y167F 

Ei?OA, Ri7Dg, mim, ex70p, ri7oc, Enp 
M7dQ> ^70$, mim, mim, m7sg 

IS R170V, El^Of, EilOL, E17<p, R17QF^ 

Kim, mm M94L, Mg4F, 

n&m, mmi, m^, umm, mm, 

EimVf E19SL, E1?SM> 

GISSX, 01951,, GlSSM, 

14, Tij« variant of any ot claims 1 to 13;, wherein said 
variant is coaibined with further substitutions, deletions 
snd/ot insertions Iti: &ny one or more of th« positions'. 

27, 36, S7, 76, 91, lOi, 104, 120, 123, 206, 21S, 222, 224, 235 
m and 274, 

15, The variant of claim 14 ^ wh^irain said sufetiXase 
beX«s to tiie i-S2 ^tsb-grownp and asid farther chaxm is cMsb 
froK! the group coiisprisxng K27E> *sm, ir?6D, SIOIG, 

30 Wm, ¥104Y, HISOD, HiaSS, m94B, Q2S€E, K2ies, M222S, 

mszA, m4s, m$SL, &nd tmm, 

16, The ^aariant of claim 15 comprising anf one or tm of 

the ssbstituticms mm, mm, mm, nmu um, mim, 

m mim, Klim miQh, mm 5C1?0I in OTbination with my one 


mBmrnmrnmr 


or mom ot the ctther s^gtitutions? aeietioas ^nd/or insesptlcms 
&etttionsd in my of. claims 1 to IS, 

17. ffoe yariatBt of cXaim 15 coiaprising any of the 

oth«r cojBfeijiatiotis oi tM$^ mmmms CV1Q4H, sioXG, K2m, 
mi)4y> f 274&, Vi W) , in coasbinatlon with any om 

or ssojffe of m mmmxiUms, deletions a^d/or: insertions 
laentionod in any of claims I IB;. 

!0 

1S> variant of olaim 15 ox 16. chosen from tfee grotiis 

of variant^: cOaptisingi 


&) 


IS m 


m 





S57PtM7QM2X8S 

c;») 

SB7mi?0I4J?218S 

as € « ) 

Sf7|'*?10^Y+Kl?0i«l$S 


S57pma4MI70l4H21SS 

d) 


a*) 


m 




m 



SS7F*R170X-f-S188P4&l:9^P 


YI67M170L 

. in 

Y1S?L^R17QI 

m g) 




k} 




i) 


ss i ^ ) 



BmsmmBHm 


wommm 


ja** * ) ii7 6D+Hi2os+Ti mi4mjm*Gi smmm 

m n) *3#'*^097MXO4Y-^H12OmR11OLmX94F+(3 

O') S57iN-E17(!3[+g20^ 

2S|s*i RI70X+Q206£ 

m tl«7I+E1703u*Q206fe 

q') Yl67i*MTC)X*0206E 

r^l X167F4.Mi7QI 

t * ) Yl 67;I4R17QI+M94P 

t'*| T167L+RX?QL-^35aMR 

t*") ¥im-^K170HM94F 

U) yi67l+RX7pl.+N2XfS 

3C?U*) yi6t|+El?pItH2l^S 

IS" * ) Yl«7L+EJ7aX«18S 

y») fl67I*Rl70mi54F-!-H2lSS 

35 ■ST*') Y167lf*R170M194t+^iai8S 
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yi S7L-S-R1 70 14A1 F4H21 §S 

X) 


KM 

R170I4PX3XV 

y) 


S y*) 




as) 


as') 

yiW-8-E170X 

bb) 


10 bb') 


bb" ) 

RI7CLJ-Y17iL 



cc) 

YlBlUYlllLfnZlBS 


CC ' ) ¥1 67X*yi 71 

ts 

IS. A process which cosaprises effecting a mxt^tion in DHA 
exjcoding a sijbtilase ^nzysm or its pre- or preproen^yme at one 
or store ot the positions corresponding amino acid residues in 
or in the- vicinity of a hydropfecfeic domain of the parej^t 

20 subtilase have been siibstituted for &n mino acid residue isore 
hydrophobic than the original residue, said hydrophobic domin 
CDSiprising the residues F12S, F3.31, 1165, Y167, Y171 of BI.S303, 
and the residues in the vicinity thereof for BLS309 are £136, 
6159, Si64, R170, end with the exception of the 

2S E170H. Ri70I and K170y variants of 8^P$2, and testing for 
is^sroved storage stability and/or wash perfomance in 


2i. A -ore-ess vvMch compr-ses the manufacture of 
30 s^^lilBcu ^^a^^v-s^ ^av^^g a Jcsired xmproved storage stabiiity or 
wast pcrfot^uncf- tcUowing its Identification according to the 

proceaure of cxaixr: 19. 

21. J. ISffi. sequence oncodinq a subtilase variant of any of the 
3§ claims 1 to 18. 
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as . K T«ctor Koa^risiag a Dm sei|uenc^ ef claim 21, 

23. A mcrofeial host tr^mtormd with a vector of claiB 22, 

S 

24, trhe microiaiaX host of claim 23. which is a Isaeteritm. 
pm£erahly a Bacillus « 

2:5. 'me mcrobial host of eiaiis aS, ^is;h a fwus or 
16 yeast, pmmxably a fiiajnerito^i^ fwngu®, sspecialXy as 

ae, A saetM for prostuciJig a variant of any of claixtis 1 to 18, 
wiierein a host of any of claiias 23 tO 25 is cultured tmder 
IS coyjaitioas con^uoi^e to ike expression and secretibh of said 
Wiarit, «na the variant is recoveresg. 




FIG. 2 
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K 

X, 
K 
K 

EP A2 (SOLVAY ENZYMES GM8H § CD. K§), 
3 Februar.v 19S3 (03,02.93), page 3, Hhs 
dais; figure 1, figure 3 

£P O4OSS0J Al (ISillLEVER PLC), Z Jamiary 

¥Q 8906279 Al (NOVO INOySTRI VS), B Ally ISSS 

m 9100345 Al CWO «JISK 10 OsnMar^ imi 
(10,01. Si), cUiml 

i^m 

1-26 
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